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ABSTRACT 
The Assessment of Articulation and 
Phonological Skills in Preschool 
Cleft Palate Children 
by 
Michelle G. Rasmussen, Master of Science 
Utah State University, 1991 
Major Professor: Dr. Sonia Manuel-Dupont 
Department: Communicative Disorders 
xii 
There has been a lack of comprehensive analyses of the articu lat ion 
and phonological skills of preschool cleft palate children. Therefore, a 
comprehensive analysis, following a model suggested by Ingram ( 1981 ), 
was completed on three preschool chi ldren with cleft palates. The 
analysis was completed on a videotaped conversational play sample. 
Each sample was transcribed using the International Phonetic 
Alphabet (IPA), compensatory substitution symbols, and diacritics. The 
samples were analyzed for a phonetic inventory of the sounds in the 
x111 
initial, medial, and final positions of words; for homonyms; for 
substitutions, distorti ons, and omissions; and for phonological processes. 
Each of the four analyses was summarized on a summary sheet. 
The results of the study indicated that each of the four analyses 
provides information that would enhance intervention planning. The 
results demonstrated that the subjects appeared to benefit more from 
some of the analyses than others. Each subject scored differently on the 
whole analysis. This was not predictable from the former testing results 
available for the subjects. Therefore, it seems essential that a 
comprehensive speech analysis be provided for preschool children who 
have cleft palates and are at risk of articulation and phonological delay. 
(237 pages) 
STATEMENT OF PROBLEM 
The major purpose of any assessment of articulation and 
phonological skills in preschool children is to aid the speech/language 
pathologist in establishing an intervention program. Articulation and 
phonological skills (speech sounds and the rules for producing them) are 
generally assessed through perceptual judgments made by the examiner 
while listening to the individual's speech. The speech sounds may be 
sampled in different contexts such as in isolation, in syllables, in single 
words, in phrases, in sentences, or in conversation. These speech sounds 
can be elicited in a variety of ways: through imitation, picture naming, or 
during play. The choice of context and the elicitation of speech samples 
are generally determined by the examiner's purpose in the assessment. 
In choosing which type of assessment to carry out, examiners often 
re ly on standardized tests to elicit and record articulation and 
phonological skills. Usually these tests consist of picture or sentence 
stimulus materials for eliciting responses. Such tests may be very useful 
c 1 inica lly if used properly; however, these types of tests are generally 
unsuccessful in assessing how a speaker will produce the sequence of 
sounds in conversational speech. 
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When a conversati onal speech sample is collected in lieu of 
standard ized testing, an analysis of the sample is sti\1 completed by the 
examiner. Again, the method of analysis is determined by the examiner's 
purpose in the assessment. This analysis is then used by the clinician to 
determine intervention strategies and goals for the child. 
While there is a wealth of information concerning these evaluation 
choices (type of sample, type of test, type of interpretation) for 
nonphysica\\y handicapped children with articulation and phonological 
process deficits, there have been few published articles on the 
articulation and phonological process deficits of children w1th physical 
handicaps and on the evaluation choices that are available to evaluate 
them. 
One group of children in particular for whom little research on 
articulation and phonological ski \Is has been reported is preschool 
chil dren with cleft palates. Cleft palates and other related disorders are 
highly variable. They genera\\y occur in utero and are present at birth. 
The palate or roof of the mouth can be separated so that the oral and nasal 
cav it i es are coupled. The upper lip may be open on one or both sides. 
Clefts of the lip and/or palate occur in approximately 1 in 750 live births 
(McWi\\iams, Morris, & Shelton, \984). 
3 
Varying degrees of articulation and phonological skill disorders 
occur alone or in combination in many preschoolers who have cleft palates. 
In general these children are at risk for articulation and phonological skill 
disorders, due to atypical variations in velopharyngeal closure caused by 
the cleft prior to or even following surgical repair. One additional 
atypical speech characteristic almost exclusively produced by many 
preschool ch ildren who have cleft palate histories is the nasalization of 
voiced sounds. This hypernasality is also due to the anatomical palatal 
defects which create problems with velopharyngeal closure patterns 
during speech. (McWilliams et al, 1984). Any comprehensive assessment 
process which would evaluate the speech of children with cleft palates 
would need to include procedures that would reveal the differences in the 
development of the articulation and phonological skills of these children 
compared t o children without cleft histories. 
In general the speech sounds of the preschool population who have 
cleft palates have not been sampled in a wide variety of contexts as the 
li terature shows. Instead, there has been heavy reliance on performance 
data obtained from standardized tests not analyzed in depth. Clearly a 
more comprehensive analysis of the articulation and phonological 
4 
skills of the preschool child who has a cleft palate is needed to ensure 
that intervention, based on this assessment, is appropriate and successful 
w i th these chil dren. 
5 
PURPOSE AND OBJECTIVES 
The specific purpose of this research project was to complete a 
comprehensive analysis of the articulation and phonological skills of three 
preschool children who have cleft palates, using Ingram's ( 1981) six-step 
procedure. 
The objectives of this study were 
I. To describe the production of each preschool child's 
speech sounds in the initial , medial, and final position of words. The 
following specific questions were addressed: 
1.1 Does the child in question have a complete repertoire of speech 
sounds in the initial position? 
1.2 Does the child in question have a complete repertoire of speech 
sounds in the medial position? 
1.3 Does the child in question have a complete repertoire of speech 
sounds in the final position? 
2. To describe the homonym usage produced in the speech of each 
preschool child who has a cleft palate. Specifically: 
2.1 Does the child in question use homonyms in speech? 
2.2 How many of the chi I d's homonyms are deviant? 
2.3 What percentage of the homonyms are deviant? 
6 
3. To describe the deletion, distortion, and substitution patterns 
heard in the speech of each preschool child who has a cleft palate. 
Specifically: 
3.1 Are there deletions, distortions, and substitutions present in the 
speech of the child in quest ion? 
3.2 What kind of deletions, distortions, and substitutions are 
present In the speech of the child In question? 
3.3 How many deletions, distortions, and substitutions are present 
in the speech of the child in question? 
4. To describe the phonological processes used by each preschool 
child with a cleft palate. Specifically: 
4.1 Does the child in question use phonological processes? 
4.2 Which of the phonological processes is the child in question 
using? 
4.3 What percentage of the possible phonological processes is the 
child using? 
7 
5. To describe each preschool child's overall articulation and 
phonological skills based on the information obtained from the first four 
objectives. 
5.1 Does the child appear to have delayed articulation and 
phonological skills based on this comprehensive assessment? 
8 
REVIEW OF THE LITERATURE 
Introduction 
A comprehensive analysis of the articulation and phonological skills 
of preschool children who have clefts would need to assess more than 
their correct vs. incorrect productions. The assessment would need to 
include the sounds which were misarticulated and how they were 
misarticulated. The assessment would need to determine if any patterns 
existed in the speech of preschool children who have cleft palates and 
how the combination of those patterns affects the overall intelligibility 
of the children's speech. 
Ingram ( 198 1 ) proposed a method of speech assessment that can 
provide a comprehensive analysis of a child's articulation and 
phonological skills. A six-step process was suggested. First, the 
examiner should consider the type of data to be analyzed. A collection of 
spontaneous utterances should be obtained, with the use of prompts, if 
necessary, to obtain a complete sampling of the child's English speech 
sounds. Ingram ( 1981) also suggested using a broad transcription for the 
analysis to reduce transcript ion· errors and to allow for comparison across 
studies. Second, a phonetic analysis, determining production of speech 
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sounds in the initial, medial , and final positions of words, should be 
completed. This analysis gives the examiner an idea of the phonemes the 
child can produce. The determination of homonym (words which have the 
same pronunciation but different lexical spelling and meaning) use in the 
child's speech is the third analysis suggested by Ingram (1981). The 
child's use of some homonyms increases the unintelligibility of their 
speech due to the non-existence of these forms in adult speech. 
The fourth analysis completed should be a substitution analysis. 
This analysis would show how closely the child's sounds match the adult 
model. The substitution analysis helps determine if the child's sound 
productions are the same as the intended sound productions or are 
substitutions for other intended sounds. 
Children with multiple sound errors in their speech need to have a 
phonological process analysis completed as the fifth analysis. This 
procedure will especially aid the examiner in determining the type of 
intervention approach for the speech/language pathologist to utilize. 
Finally, a summary of the previous analyses should be completed to 
provide an overall picture of the child's articulation and phonological 
skills. This last step is particularly important in pinpointing the exact 
10 
area of problems for each child. It also provides an overall comprehensive 
analysis of the phonetic and phonological system of each child tested. 
A comparison of the liter ature reporting the assessment of the 
articulation and phonological skills of normal (children without any delays 
in sound or phonological skills acquisition), communicatively disordered 
without cleft palate, and communicative ly disordered with cle f t palate 
preschool children was completed to determine the type of assessment 
currently being used by researchers. The review first examined the 
literature devoted to preschoolers who were normal and those who had 
communication disorders without cleft palates. Second the literature 
r eport ing articulation and phonological skills assessment of preschool 
children with cleft palates was reviewed. 
Articulation and Phonological Skills Assessment of Normal 
and Communicatively Disordered (Without Cleft Palate) 
Preschool Children in Comparison with 
Ingram's ( 1981) Six-Step Procedure 
Thirteen studies were found in the literature that examined the 
articulation and phonological skills of normal and communicatively 
disordered (excluding cleft palate) preschool children. A coding 
II 
instrument, provided in Appendix A, was utilized to summarize the data 
obtained from the available studies. Each study was classified into six 
major sections including (a) subject description, (b) sampling methods, 
(c) Ingram's (I 981) procedure used, (d) other analyses used, (e) quality 
indicators and (f) authors' conclusions. 
Each of the six categories was further divided into various 
subcategories. Subjects were coded according to type of handicapping 
condition, gender, number and age range. Sampling methods were coded as 
recorded (audio or video), as speech sample (play or conversation) and as 
tests (with the tests being listed). Ingram's ( 1981) procedure was coded 
as complete transcription; as production in initial, medial, or final 
position~; as homonyms; as substitution analysis; as phonological 
processes and as summary. Other analyses were coded as correct vs. 
incorrect, as percentage correct or error and as severity. Any other 
analyses were specified rather than coded. In addition, the authors' 
conclusions were included but were specified rather than coded. 
Subjects 
The subjects used for the studies were identified as normal (Haelsig 
& Madison, I 986; Kenney, Prather, Mooney, & Jeruzal, I 984; Kim & 
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Rudegeair, 1979; Preisser, Hodson, & Paden, 1988; Schmitt, Howard, & 
Schmitt, 1983; Schwartz, Leonard, Folger, & Wilcox, 1980; Vihman & 
Greenlee, 1987) and/or communicatively disordered (Andrews & Fey, 1986; 
Bankston & Bernthal, 1982; Dunn & Davis, 1983; Garn-Nunn, 1986; 
Montgomery & Sonderman, 1989). Communicatively disordered was defined 
as any individual whose articulation and phonological skills were delayed 
and interfered with communication, excluding those individuals with cleft 
palate (see Table 1 ). The preschool children were also divided according 
to gender in all but two studies. Garn-Nunn's ( 1986) study was completed 
on only one female child. No information was available in Kim & 
Rudegeair's (1979) study with regard to subject gender, and no information 
was given in Prater & Swift's ( 1982) study regarding type of handicapping 
condition or gender. 
Sample size varied across the studies reviewed. The total number of 
subjects used varied from 1 to 242 (see Table 1 ). 
The age of the subjects in the studies ranged from nine months to six 
years, one month. The criteria for inclusion of subjects in the current 
review was that the children were age two years to and not including age 
five years. Those studies that exceeded the criteriafor some subjects 
(Andrews & Fey, 1986; Dunn & Davis, 1983; Haelsig & Madison, 1986; Kim & 
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Table I 
Characteristics of Studies in Which the Articulation and Phonological 
Skills of Normal and Communicatively Disordered (Without Cleft Palate) 
Preschool Children Are Assessed: Sampling 
Author Subjects How Sampled 
(Year) 
Type* Sex** No. 
Andrews & CD m 12 
Fey CD f 2 
( 1986) 
Bankston & CD m 7 
Bernthal CD f 11 
( 1982) 
Dunn & CD m 5 
Davis CD f 4 
( 1983) 
Gern-Nunn CD 
( 1986) 
Heelsig & N m 25 
Madison N f 25 
( 1986) 
*N~normal 
CD~communiC!ltively disor~red 
** m~male 
r~remale 
***VT ~Video 
tape 
A~ Ran~ Recorded*** Speech Sample Test**** 
2:8-6: 1 yrs. Play with items Imitated Words 
2:8-6: 1 yrs. from APP APP 
4:0-4:11 yrs. Word& 
4:0-4: 11 yrs. Sentence Tasks 
PPA 
3:8-5: 1 yrs Interactive play 
4: 1-5: 1 0 yrs 
3:5 yrs APP 
GFTA 
PAT 
AAPS 
2: 1 0-5:2 yrs + PPA 
2:10-5:2 yrs + 
****APP-Assessment of Phonolooical Processes 
APPS-Arizona Articulation Proficiency 
Scale 
GFTA~Goldman-Frlstoe Test of Articulation 
PAT~Photo Articulation Test 
PPA-Phonolooical Process Assessment 
WWA :!>~Whole Word Accurocv 
*-NI ~no information 
Table 1 (continued) 
Author Subjects 
(Year ) 
Type* Sex** No. 
Kenney, N m 15 
Prather, N f 15 
Mooney, & 
Jeruzal 
( 1984) 
Kim& N *-NI 51 
Ruregeair 
( 1979) 
Montgomery CD m 4 
& CD f 5 
Bonderman 
( 1989) 
Prater & *-NI *-NI 60 
Swift 
( 1982) 
Preisser, N m 27 
Ho:Json, N f 33 
& PllOOn 
( 1988) 
*N=normal 
CD=communicetively disordered 
** m=male 
f=female 
***VT =Video 
tape 
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How Sampled 
~Range Recorded*** Speech Semple Test**** 
4:4- 4:8 yrs Pict.stimulus, 
4:4-4:8 yrs Story telling 
Nonsense 
Words 
3: 11-5:5 yrs Object naming 
3: 1-4:10 yrs. APP 
3:1-4: I 0 yrs. + 
Mean length PPA 
of utterance 
21-48mo. 
18-29 mo. Spontaneous 
18-29 mo. + nam i ng tesk , 
Delayed 
imitation of 
24 familiar 
words 
****APP=Assessment of Phonolooice1 Processes 
APPS=Arizona Ar\lculation Proficiency 
Scale 
GFTA=Goldman-fristoe Test of Articulation 
PAT=Pho\oArticulation Test 
PPA-Phonolooical Process Assessment 
WWA :!:=Whole Word Accuracy 
*-NI=no information 
Table 1 (cont inued) 
Author Subjects 
(Year ) 
Type* sex** No. 
Schmitt, N m 124 
Howard, & N f 118 
Schmitt 
( 1983) 
Schwartz, N m 2 
Leonerd , N f 1 
folrJ.Jr, & LD m 2 
wncox LD f 1 
( 1980) 
Vihman & N m 5 
Greenlee N f 5 
( 1987) 
*N=normal 
CD=communice\ively disordered 
** m=male 
f=fema1e 
***VT=Video 
tope 
15 
How Sampled 
ArJJ Ranf!.l Recorded**" Speech Sample Test*""" 
3-7 yrs. + Converse\ ion AAPS 
3-7 yrs. + WWA 'J, 
1:7-1:9yrs. + & VT Play session with 
1:7-1 :9 yrs. + & VT parent 
2:7-3:7 yrs. + & VT 
2:7-3:7 yrs. + & VT 
9 mo. -3 yrs. Play session Phonol()Jice1 
9 mo.-3 yrs. parent and peer probes 
****APP=Assessmen\ of Phonolooical Processes 
APPS-Arizona Articulation Proficiency 
Scale 
GFTA-Goldman-Fris\oe Test of Articulation 
PAT=Pho\oAr\icula\ion Test 
PPA=Phonolooice1 Process Assessment 
WWA '1>=Whole Word Accuracv 
*-NI =no information 
16 
Rudegeair, 1979; Schmitt et aL, 1983; Schwartz et aL, 1980; Vihman & 
Greenlee, 1987) were included for the appropriate subjects, provided that 
their results were reported by age. 
Sampling 
One method of obtaining a sample of the articulation and 
phonological skills of preschool children that has become standard 
research practice is audio recording. Audio recordings and the newer video 
recordings allow a reviewer to listen to highly unintelligible speech more 
than once which is useful when assessing the speech of preschoolers with 
moderate to severe speech impairments. With the exception of one study 
(Prater & Swift, 1982), audio recording was used by the researchers 
during the sampling of the articulation and phonological skills of 
preschool children (see Table 1 ). Schwartz eta!. ( 1980) also included 
video recording in their sampling. 
The recent literature reviewed reported two methods of sampling 
preschoolers' articulation and phonological skills: in conversational 
speech samples (Andrews & Fey, 1986; Dunn & Davis, 1983; Schmitt et al., 
1983; Schwartz et al., 1980; Vihman & Greenlee, 1987), and formal tests 
(Andrews & Fey, 1986; Bankston & Bernthal, 1982; Garn-Nunn, 1986; 
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Haelsig & Madison, 1986; Kenny et al., 1984; Kim & Rudegeair, 1979; 
Montgomery & Sonderman, 1989; Prater & Swift, 1982; Preisser et al., 
1988; Schmitt et al., 1983). A description of each follows. 
Conversational soeech samples. In general, speech samples were 
obtained during a play session with the child's parent or a clinician (see 
Table 1) Generally the objects used would belong to the child being 
assessed. In some cases, items from the Assessment of Phonological 
Processes (APP) (Hodson, 1980) were used during the play sessions 
(Andrews & Fey, 1986; Schmitt et al., 1983) to elicit specific stimulus 
words. This assessment procedure allowed the examiner to elicit 
specific sounds from the child by using objects chosen by the examiner for 
the play sample. 
Tests. Tests most often used in studies reported in the literature 
(refer to Table 1) were the APP (Andrews & Fey, 1986; Garn-Nunn, 1986; 
Montgomery & Sonderman, 1989), the Phonological Process Analysis (PPA) 
(Weiner, 1979) (Bankston & Bernthal, 1982; Haelsig & Madison, 1986; 
Prater & Swift, 1982), and the Arizona Articulation Proficiency Scale 
(AAPS)(Fudala, 1970)(Garn-Nunn, 1986; Schmitt et al., 1983) The APP and 
the AAPS were used with and without accompanying .conversational speech 
samples (Andrews & Fey, 1986; Schmitt et al., 1983) and in a comparison 
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study by Garn-Nunn ( 1986). This same comparison study included two 
other tests, the Goldman-Fristoe Test of Articulation (GFTA) (Goldman & 
Fristoe, 1969) and the Photo Articulation Test (PAT) (Pendergast, Dicky, 
Selmar, & Soder, 1969). 
In addition to these formal tests, picture or object stimuli were 
used to elicit speech samples in several of the reviewed studies. (Kenney 
et a!, 1984; Kim & Rudegeair, 1979; Preisser eta!, 1988) Two of the 
studies utilized imitation tasks to elicit the speech samples (Andrews & 
Fey, 1986; Preisser et al, 1988). Regardless of the situation in which 
each sample was obtained, a transcription of the child's production of the 
speech sounds was completed by the researchers. 
Transcription 
Ingram ( 1981) suggested that the completion of a comprehensive 
analysis required a complete broad transcription in which every utterance 
of the child was transcribed into phonetic symbols using the International 
Phonetic Alphabet (IPA), regardless of whether speech was sampled 
through conversation or tests. This approach appears to be the standard 
procedure used by most researchers today (see Table 2). The majority of 
the I i terature reported used comp Jete transcriptions of speech samples 
19 
Table 2 
Characteri stics of Studies in Which the Articulation and Phonological 
Skills of Normal and Communicatively Di sordered (Without Cleft Palate) 
Preschoo I Chi I dren Are Assessed: Analysis 
Author 
(Year ) 
Andrews & 
Fey 
( 1986) 
Bankston & 
Bernthal 
( 1982) 
Dunn & 
Davis 
( 1983) 
Garn-Nunn 
( 1986) 
Heelsig & 
Madison 
( 1986) 
Complete 
Transcription 
* l=iniliel position 
r1=mediel position 
F =final position 
Analysis 
Production Homonyms Substitution PhonolCX]iCill Summery 
1/M/F* Analysis Processes 
+ 
+ 
Table 2 (continued) 
Author 
(Year) 
Kenney, 
Complete 
Transcription 
Prather , only for 
Mooney, & incorrect 
Jeruzal words 
( 1984) 
Kim& 
Ru~ir 
( 1979) 
MontgJmery 
& 
Sonderman 
( 1989) 
Prater & 
Swift 
( 1982) 
Preisser, 
Hcxlson, 
& Pooen 
( 1988) 
*/=initial position 
M=medial position 
F =final position 
Analysis 
Proouction Homonyms Substitution PhonoiCXJicol 
1/M/F* Analysis Processes 
for specific 
phonemes that 
met criteria 
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Summary 
Table 2 (continued) 
Author 
(Year) 
Schmitt, 
Complete 
Transcription 
Howard , & + 
Schmitt 
( 1983) 
Schwartz, 
Leonard, 
Folger, & 
Wilcox 
( 1980) 
Vihman & 
Greenlee 
( 1987) 
*l=initisl position 
M=medial pos1tion 
F =fins! position 
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Analysis 
Proouction Homonyms Substitution Phonoi!X]icsl Summary 
1/M/F* Analysis Processes 
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(Andrews & Fey, 1986; Bankston & Bernthal , 1982; Dunn & Davis, 1983; 
Garn-Nunn, 1986; Haelsig & Madison, 1986; Kim & Rudegeair, 1979; 
Montgomery & Sonderman, 1989; Prater & Swift, 1982; Preisser et al. , 
1988; Schmitt et al., 1983; Schwartz et al., 1980; Vihman & Greenlee, 
1987). Kenny et al. ( 1984) completed a complete transcription, but only 
f or those words produced incorrectly by the subjects. 
Transcription accuracy is crucial in the assessment of the 
arti culation and phonological skills of preschool children. This aspect of 
transcription can be a potential threat to the reliability of any research in 
this area due to the fact that the information for the remainder of the 
study is taken from the initial transcription. Three of the 13 studies 
rev iewed reported no percentage of agreement data for interrater 
transcription reliability (Kim & Rudegeair, 1979; Montgomery & 
Sonderman, 1989; Schwartz et al. , 1980). Of those studies which reported 
interrater reliability, five of them reported percentages below 90% 
(Andrews & Fey, 1986; Bankston & Bernthal, 1982; Haelsig & Madison, 
1986; Kenney et al., 1984; Preisser et al., 1988). Two of the studies 
reported I 00% agreement after reviewing the tapes for those 
transcriptions which were questionable, however, no report of the initial 
percentages was given (Dunn & Davis, 1983; Garn-Nunn, 1986). 
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Production Initial/Medial / Final 
Ingram ( 1981) suggested that a phonetic analysis (i.e. an analysis of 
the phonemes that the preschool child could produce in the initial , medial, 
and final positions of words) should be completed as part of a 
comprehensive analysis. This type of analysis can determine the phonemes 
the child is physically able to produce, irrespective of the adult model. 
This information is important if child can produce the sound but fails to 
use it in the appropriate places in speech. Intervention would begin 
different for the child who never uses a sound than for the child who can 
produce the sound as a substitution for another sound. If done effectively, 
this type of analysis can help determine the frequency of production of 
each phoneme as well. This type of analysis was not completed within any 
of the studies reviewed (see Table 2). 
Homonyms 
Ingram ( 1981) suggested that the use of homonyms in a child's 
language may be indicative of a language delay. Generally, the greater the 
use of deviant homonyms, the more difficulty the child has in 
communicating. Therefore, an analysis of a child's use of deviant 
homonyms is essential in examining the overall effects that the 
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articul at ion and phonological skills will have on a child's communication 
ab ilities. Again, none of the literature reviewed utilized this kind of 
analysis (see Table 2). 
Substitution Analysis 
Substitution analysis is yenerally the most common form of 
articulation and phonological skills assessment completed on samples of 
speech within a clinical setting. However, only one study was found in the 
reviewed l i terature that completed this analysis (Kim & Rudegeair, 1979). 
This lack of completed substitution analyses could be explained by 
the focus of many of the studies reviewed. As will be discussed in the 
next section, phonological process analysis generally follows a 
substitution analysis. Ten of the 13 studies reviewed examined 
phonological processes, yet the studies did not report substitution 
analysis alone. 
Kim and Rudegeair ( 1979) examined 51 children enrolled in three 
classes at a private preschool. The thirteen consonants /p, t, k, lJ, b, d, C5, 
), f,e, s,;, v, z/ were selected for the study. The substitution errors that 
met the authors' criteria (errors made more than three times by each age 
group) were reported and feature changes were noted for these errors. 
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Kim and Rudegeair (I 979) found a high degree of consistency in the 
responses obtained from their subjects. The researchers found that 
children between the ages of three years, nine months and five years, six 
months were still learning articulatory and perceptual contrasts between 
some consonants. The most common errors involved fricatives and 
affricates. The reasearchers also reported that articulatory and 
perceptual substitutions were often common for the same phonemes. For 
example, substitutions used for voiced consonants were their voiceless 
counterparts (e.g. the / p/ phoneme for the /b/ phoneme). 
Kenney et al. (I 984) used a method similar to Ingram's (I 98 I) 
substitution analysis. In this study the researchers analyzed the speech 
samples under study by error type (i.e. manner or place) and by error 
frequency (see Table 3). In Kenney et al.'s (1984) study, data was reported 
as substitution, as omission, or as approximation without giving the 
specific sound substitution made. The number of errors found on the 
phonemes tested was reported Kenney et al. ( 1984) found that more 
errors were made on the /r, s/ phonemes than on the /k, f, t/ phonemes. 
The researchers also reported that males produced more substitution 
errors while females made more omission and approximation errors in 
their study. 
26 
Table 3 
Characteristics of Studies in Which the Articulation and Phonological 
Skills of Normal and Communicatively Disordered (Without Cleft Palate) 
Preschool Children Are Assessed: Other Analyses Compl eted on Samples 
Author 
(Year) 
Andrews & 
Fey 
( 1986) 
Banl:;ston & 
Bernthal 
( 1982) 
Dunn & 
Davis 
( 1983) 
Garn-Nunn 
( 1986) 
Haelsig& 
Madison 
( 1986) 
Correct/ 
Incorrect 
other Ana lyses 
Percent~ Severity 
Correct/Error 
*APPS-Arizona Articulation Proficiency Scale 
WWA :t -Whole Word Accuracy 
Others 
Table 3 (continued) 
Author 
(Year ) 
Kenney, 
Prather, 
Mooney, & 
Jeruzal 
( 1984) 
Kim& 
Ru~ir 
( 1979) 
Montgomery 
& 
Bonder man 
( 1989) 
Prater & 
Swift 
( 1982) 
Preisser, 
Hodson, 
& Paden 
( 1988) 
Correct/ 
Incorrect 
Other Ana lyses 
Percentage Severity 
Correct/Error 
*APPS-Arizona Articulation Proficiency Scale 
WWA :!:-Whole Word Accuracy 
others 
Error type 
( manner/ ploce) 
Error patterns 
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feature changes 
frequency of error 
Computer analysis of 
Phonological processes 
Tab le 3 (cont inued) 
Author 
(Year ) 
SChm itt , 
Howard , & 
Schmitt 
( 1983) 
SChwartz, 
Leonard, 
Folger. & 
Wilcox 
( 1980) 
Vihman & 
Greenlee 
( 1987) 
Correct! 
Incorrect 
Other Ana lyses 
Percentage Severity 
Correct/ Error 
*APPS=Arizona Articulation Proficiency Scale 
WWA :t =Whole Word Accurocv 
Other 
*AAPS& WWA :t 
Means & standard 
dlvialions 
Syllabic structures 
Phono1o;Jical 
variability 
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Phonological Processes 
The overall purpose of Ingram's ( 1981) phonological process analysis 
was "to describe a child's syllable initial, final, and ambisyllabic 
substitutions by a finite set of phonological processes, and to determine 
the extent to which each process occurs" (p. 77). This analysis applies to 
classes of sounds rather than individual phonemes. The phonological 
processes are those used as the child tries to simplify the adult speech 
model. This type of analysis follows a phonetic analysis to determine if 
any of the child's errors are related in any way. Since Ingram's ( 1981) 
publication, some research has been completed in this area (see Table 2). 
In ten of the 13 studies reviewed phonological processes were analyzed 
(Andrews & Fey, 1986; Bankston & Bernthal, 1982; Dunn & Davis, 1983; 
Garn-Nunn, 1986; Haelsig & Madison, 1986; Montgomery & Sonderman, 
1989; Prater & Swift, 1982; Preisser et al., 1988; Schwartz et al., 1980; 
Vihman & Green lee, 1987). 
Although each of these studies examined phonologica l processes, the 
authors· methods of sampling and analyzing differed. Authors of four of 
the studies completed their analyses to determine process usage (Dunn & 
Davis, 1983; Haelsig & Madison, 1986; Preisser eta I., 1988; Vihman & 
Greenlee, 1987). Dunn and Davis ( 1983) considered nine phonological 
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processes Following the transcription of a conversational sample, 
computation of the percent of occurrence of nine processes was 
completed. The researchers found that, of the nine processes targeted, 
two did not occur frequently, specifically reduplication and assimilation. 
Dunn and Davis ( 1983) also reported a great deal of variation in the 
frequency of occurrence of many of the processes. 
Authors of the remaining three studies attempted to determine 
process usage by children of specific age groups. Haelsig and Madison 
( 1986) used the PPA (Weiner, 1979) to determine the process usage of 
three-, four-. and five-year olds. The researchers found that several 
phonological processes could be expected to be used by children under age 
three. Specifically they were: cluster reduction, weak syllable deletion, 
glottal replacement, labial assimilation and gliding of liquids. The 
researchers also noted that weak syllable deletion and cluster reduction 
was observed in four- and five-year-olds. According to Haelsig and 
Madison ( 1986), the greatest reduction in phonological process usage 
occurred between ages three and four. 
Preisser et al. ( 1988) examined 21- to 48-month-old children using 
an assessment of 16 processes. The authors reported that consonant 
cluster reduction was the most common process used by this age group, 
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followed by post vocalic singleton deletion and syllable reduction. Gliding 
of liquids was also noted as well as fronting. Preisser eta!. ( 1988) found 
infrequent use of the process called stopping. 
Vihman and Greenlee ( 1987) examined the usage of 18 processes in 
one- and three-year-olds. The authors found that children, aged one year, 
were generally in the process of moving from babbling to early words. 
The authors reported that three-year-o1ds still maintained sporadic use of 
the process of consonant harmony. Some cluster reduction was noted as 
well as syllable reduction and gliding of the /r, 1/ phonemes. Vihman and 
Greenlee ( 1987) found that among the three-year-olds examined, 
phonological process usage was generally inconsistent. 
Phonological process usage was also examined and compared 
according to sampling methods used (Andrews & Fey, 1986; Bankston & 
Bernthal, 1982). Authors of one study compared process usage in imitated 
and conversation samples (Andrews & Fey, 1986). The authors found that 
different sampling conditions often Jed to different patterns of 
phonological process usage. Andrews and Fey ( 1986) noted that ordering 
of target responses and patterns of imitation may have contributed to 
their analysis results. The authors noted that some processes needing 
treatment may be missed when using imitated samples. Andrews and Fey 
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( 1986) stated that a full picture of the child's phonological abilities can 
best be obtained by including conversational sampling. 
Bankston and Bernthal ( 1982) examined phonological processes used 
when imitated words were compared with imitated sentences. The 
researchers found that no significant difference in process use was 
present between the two sampling conditions. The authors reported that 
one method was as likely as the other to facilitate identification of 
processes or patterns. 
Authors of two of the studies examined the effects of language 
development on phonological process. Schwartz et al. ( 1980) examined the 
difference in phonological process usage by language disordered children 
and normal children. The authors found that children matched for mean 
length of utterance (MLU) showed no significant divergence in selection of 
phono logical processes. 
Prater and Swift ( 1982) studied the effects of increased mean length 
of utterance (MLU) on phonological process use. They found that cluster 
reduction, deletion of final consonants, weak syllable deletion, gliding of 
liquids, vocalization and final consonant devoicing were the processes 
that affected production the greatest. The majority of these processes 
were used most often when the child's MLU was less than five morphemes. 
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Prater and Swift ( 1982) reported that the processes glottal replacement, 
assimilat ion, gliding of fri catives, affricat ion and denasalization were 
used infrequentl y by subjects at all MLU levels. 
The final two studies reviewed dealt with test comparisons and 
treatment. Garn-Nunn ( 1986) completed a comparison between the results 
obt ained on four different tests. The results of the study indicated that 
adapt ions of standard articulation tests to aid clinicians concerned with 
test admin istration time, with test convenience and with expense were 
possible if a complete transcription was comp leted for each test. Similar 
results were obtained between the Assessment of Phonological Processes 
(APP) (Hodson, 1980) and Arizona Articulation Proficiency Scale (AAPS) 
(Fudala, 1970) with the exception of velar and glide deviations. The AAPS 
failed to identify glide deviations as a remedial target. The Goldman-
Fristoe Test of Articulation (GFTA) (Goldman & Fristoe, 1969) and APP had 
good comparability on all processes with the exception of syllable 
deletion and of velar and glide deviations. Again, the GFTA failed to 
identify gl ide deviations as a remedial target. The Photo Articulation Test 
(PAT) (Pendergast et al, 1969) and APP had comparability on four 
processes, specifically: postvocalic obstruent singleton omission, velar 
deviations, liquid / r / deviations, and nasal deviations. 
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Montgomery and Sonderman ( 1989) examined a particular treatment 
of the phonological process delay. They utilized Hodson & Paden's (1991) 
approach known as Targeting Intelligible Speech: A Phonological Approach 
to Remediation. The strategies used were found to be highly efficient 
The children received more specialized time than was typically available 
in traditional treatment approaches. In addition, targeting patterns, group 
interactions, and home programs all contributed to a favorable dismissal 
rate. In the study, Montgomery and Sonderman found that the greatest 
reduction in phonological process use occurred between the child's first 
two treatment sessions. 
Summary Analysis 
Ingram ( 1981) suggested that the final analysis (summarizing the 
datal could be completed on a single profile sheet The information gained 
from the assessment was transferred to a single profile sheet which had a 
section to summarize each type of analysis completed. The purpose of this 
analysis was to make comparisons between data sets more efficient by 
allowing all of the information from the assessment to be present on a 
single page rather than on multiple pages. This data also gave an overall 
picture of the articulation and phonological skills development of an 
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individual chi I d. The author s of the studies reviewed, while providing a 
summarization of their data and results, did not provide a specif ic profile 
sheet for each subject (see Table 2). 
Other Ana lyses 
The literature reviewed contained areas in which the analyses 
suggested by Ingram ( 1981) were not completed. However, the authors of 
the studies did report valuable information using other types of analyses 
(See Table 3). Kim and Rudegeair ( 1979) performed an analysis of correct 
vs. incorrect responses on their data set. The authors reported percentage 
of errors, as well as feature changes and frequency of errors. Schmitt et 
al. ( 1983) reported percentage correct in their study. In addition, they 
reported means and standard deviations for the Arizona Articulation 
Proficiency Scale (AAPS) and Whole Word Accuracy (WWA) percentages. 
The authors found significant differences between AAPS scores and WWA 
percentages for the children in the different age groups. WWA scores 
generally increased as age increased. 
Authors of two of the studies reported severity ratings based on 
the ir data (Garn-Nunn, 1986; Montgomery & Sonderman, 1989). 
Garn-Nunn's ( 1986) study revealed that all of the tests compared appeared 
36 
to classify severity of delay similarly. Kenney et al. (1984) analyzed their 
data by error type, specifically manner and place, and error patterns 
Fina ll y, Schwartz et al. ( 1980) reported syllabic structure and 
phonological variability. The researchers found differences between the 
children's use of multisyllabic words. Normal speaking children seemed to 
attempt longer multisyllabic words than did language delayed chi lur·en. 
Schwartz et al. ( 1980) reported no differences between subject groups for 
phonological variability. 
Articulation and Phonological Skills Assessment of 
Preschool Children with Cleft Palate in 
Compari son with Ingram's ( 1981) 
Six-Step Procedure 
Six studies were found that examined the articulation and 
phonological skills of cleft palate preschool children. A coding 
instrument, provided in Appendix B, was utilized to summarize the data 
obtained from available stud ies. Each study was classified into six major 
sections including (a) subject description, (b) sampling methods, (c) 
Ingram's ( 1981) procedure used, (d) other analyses used, (e) quality 
indicators and (f) authors· conclusions. 
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Each of the six sections was further divided into various 
subcategories. Subjects were coded according to type of handicapping 
condition, gender, number and age range. Sampling methods were coded as 
recorded (audio or video), speech sample (play or conversation), and tests 
(with the tests being listed). Ingram's (1981) procedure was coded as 
complete transcription; production in initial, medial or final positions; 
homonyms; substitution analysis; phonological processes and summary. 
Other analyses were coded as correct vs. incorrect, percentage correct or 
error, and manner or place. The other analyses were specified rather than 
coded. In addition, author's conclusions were included, but were specified 
rather than coded. 
Subjects 
The subjects used for the studies reviewed were identified as 
having cleft palates (Estrem & Broen, 1989; Letcher, Broen, & Moller, 
1986; Lynch, Fox, & Brookshire, 1983; O'Gara & Logemann, 1988; Van 
Denmark, Morris, & Vandehaar, 1979) and normals (Estrem & Broen, 1989; 
Van Denmark & Swickard, 1980) (see Table 4). The children in the studies 
were diagnosed as having complete clefts of the primary and secondary 
palates of both unilateral and bilateral types (Estrem & Broen, 1989; 
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Table 4 
Characteristics of Studies in Which the Articulation and Phonological 
Skills of Preschool Children With Cleft Palate Are Assessed: Sampling 
Author Subjects How Sampled 
(Year) 
Type* Sex** No. Af!!. Renf!!. RecorOO:J*** Speech Sample Test**** 
Estrem & ep *-NI 5 16.5-22 mo. + Free play with 
Broen N *-NI 5 13.5-17mo. + parent 
( 1989) 
Letcher, ep m 3.7 yrs. Free play with eve words 
Broen , & ep f 3.10yrs. parent; context- imitated 
Moller ualized play with 
( 1986) clinician 
Lynch, eP m 2.8 yrs. Free play with 
Fox, & ep f 2.5 yrs. parent 
Brookshire 
( 1983) 
O'Gera & eP *-NI 23 3-36 mo. With parent 
LOf!!.mann 
( 1988) 
Van Denmark . 1 05- item test 
Morris & ep *-NI 351 2.8-18 yrs. *-NI from I PAT , TD 
Vanoohaar & several 
( 1979) other Items 
Van Denmark Picture naming 
& N *-NI 30 30-50 mo. or imitation 
Swickard task; 
Thorndike 
( 1980) ( 1944) word 
lists 
*N=normal ****IPAT=Iowa Pressure Articulation Test 
eP=cleft palate TD= TemQiin & Dar1~ Tests of 
** m=male Artl£ulatlon 
f=female *-NI=no information 
***VT =Video 
tape 
39 
Letcher et al., 1986; Lynch et al., 1983; O'Gara & Logemann, 1988; Van 
Denmark et al., 1979) and complete or incomplete cleft of the secondary 
palate only (Estrem & Broen, 1989; O'Gara & Logemann, 1988). The 
rationale for including Van Denmark and Swickard's ( 1980) study was that, 
though results were obtained on noncleft children, the test in question 
was designed specifically for the assessment of articulation and 
phonological skills of preschool children who had clefts of the palate. The 
subjects in two of the studies were also divided according to gender 
(Letcher et al., 1986; Lynch et al., 1983). 
Sample size was highly varied across all studies. The total number 
of subjects used in each study varied from 2 to 351 (see Table 4). The 
subjects in five of the studies ranged in age from 13.5 months to 50 
months (Estrem & Broen, 1989; Letcher et al., 1986; Lynch et al., 1983; 
O'Gara & Logemann, 1988; Van Denmark & Swickard, 1980). Van Denmark 
et a i.'s ( 1979) study covered ages two years six months through 18 years. 
Data was reported by age, and only data fitting the criteria (children age 
two years to and not including age five) was considered. 
Sampling 
Audio recording was used during sampling in five of the six studies 
reviewed (see Table 4) (Estrem & Broen, 1989; Letcher et al., 1986; Lynch 
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et al., 1983; O'Gara & Logemann, 1988; Van Denmark & Swickard, 1980). In 
these stud ies audio recording was primarily used as a back-up for the 
initial transcription completed on site. 
In the literature reviewed, sampling articulation and phonological 
skills of a preschooler with cleft palate was completed in two ways--
namely conversational speech samples (Estrem & Broen, 1989; Letcher et 
al., 1986; Lynch et al., I 983; O'Gara & Logemann, 1988) and tests (Letcher 
et al.; 1986; Van Denmark et al. , 1979; Van Denmark & Swickard, I 980). 
Conversational speech samples. In general, speech samples were 
obtained during a play session with the child's parent or clinician (see 
Table 4). In one case, consonant-vowel-consonant (CVC) items were also 
used (Letcher et al., 1986). In Letcher et a i.'s ( 1986) study, a I ist of words 
with a eve structure were used in addition to a conversationa l speech 
sample. The children in the study were asked to repeat the words after 
the examiner. 
Tests. Van Denmark eta!. ( 1979) examined trends in the 
articulation and phonological development of children with cleft palates. 
The authors used a 105-item test composed of items from the Iowa 
Pressure Articulation Test (1PAT) (Morris, Spriestersbach, & Darley, 
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196 I ), a 50- item screening tool by Templin and Darley ( 1960), and several 
ot her items. The ir test sampled whether the chi I d's responses were 
correct or incorrect 
Van Denmark and Swickard (1980) also utilized a formal test 
procedure. The test was designed by the authors. The study's purpose was 
t o provide norms for the test Responses were judged as correct or 
incorrect, and a percentage correct per phoneme was provided for the norm 
population. 
Transcript ion 
Of the current literature reviewed, five of the six studies provided 
complete transcriptions of the samples (Estrem & Broen, 1989; Letcher et 
al.; 1986; Lynch et al., I 983; O'Gara & Logemann, I 988; Van Denmark & 
Swickard, 1980). No information was available for Van Denmark et al. 's 
( 1979) study (see Table 5) 
Transcription accuracy is crucial in assessment of articulation and 
phonological skills in preschool children with cleft palates. Of the six 
studies reviewed, five had interrater re 1 iabi 1 ity established (Estrem & 
Broen, 1989; Letcher et al.; 1986; Lynch et al., 1983; O'Gara & Logemann, 
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Table 5 
Characteristics of Studies ir1 Which the Articulatiorl ar1d Phor~ological 
Skills of Preschool Childrer1 With Cleft Palate Are Assessed: Analysis 
Author 
(Year) 
Estrem & 
Broen 
( 1989) 
Letcher, 
Broen , & 
Moller 
( 1986) 
Lynch, 
Fox, & 
Brookshire 
( 1983) 
O'Gara & 
Logemann 
( 1988) 
Complete 
Transcription 
+ 
Van Denmark 
Morris, & 
Vandehaar 
( 1979) 
Van Denmark 
& Swickard 
( 1980) 
*I =initial position 
M=medial position 
F =final position 
Analysis 
Proouct ion Homonyms Phonetic Phonological Summary 
1/M/F* Inventory P;ocesses 
1/F 
1/F 
Nl** 
Relationship 
between target 
& proouction 
Initial & 
final position 
compensatory 
substitutions 
**NI =no information 
Analysis of 
manner & p loce 
Word initial & 
final positions 
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1988; Van Denmark & Swickard, 1980). In every case, reliability was 
between 92 and 100 percent. 
Production Initial/Medial/Final 
A phonetic analysis or analyses of the phonemes of a preschool child 
with cleft palate produced in the initial, medial and final position of 
words was completed in two of the studies reviewed (see Table 5) 
(Letcher et al, 1986; Lynch et al, 1983). However, in both of the studies 
production was only analyzed for initial and final positions. 
Letcher et al ( 1986) assessed articulation and phonological skills 
pre- and post-surgery. The authors found that production following 
surgery was highly variable at first due to what they believed was the 
child's attempts at acquiring new phonemes. This was evidenced by their 
increased production of more difficult consonants. 
Lynch et al ( 1983) found that order of mastery of sounds for 
preschoolers with cleft palates differed from noncleft children. Delays 
were also noted for preschoolers with clefts in consonant mastery. 
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Homonyms 
As observed in the review of the literature dealing with noncleft 
children, no studies examining homonym use for the population of 
preschool children with cleft palates were found (see Table 5). 
Substi tuti on Analysi s 
Substitution analysis was performed in three of the studies 
reviewed. Estrem and Broen ( 1989) examined the relationship between 
target and production of phonemes. The authors found that, unlike what 
was originally thought, the children with cleft palates did not back all of 
their sounds. Instead, they seem to have a preference for extreme 
placements in the oral tract. Rather than using palatal fri catives and 
affricates, preschoolers with clefts substituted phonemes with far 
anterior or posterior sounds. 
Lynch et al. ( 1983) completed a substitution analysis for initial and 
final phonemes. The authors found compensatory substitutions 
(substitutions that are a result of alternative placements rather than the 
usual placement of articulators) and included these substitutions in their 
analysis. The use of these compensatory substitutions further evidenced 
preference for placement in extremes of the oral tract (see Table 5). 
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Another method of analysis similar to the substitution analysi s 
suggested by Ingram ( 1981) was completed by O'Gara and Logemann ( 1988) 
These authors were also examining children's articulation and phonological 
skills pre- and post-surgery. The authors discovered that time or surgery 
affected phoneme acquisition. O'Gara and Logemann ( 1988) examined 
frequency or occurrence for place and manner, stop type, fricative type, 
vowel place and vowel height (see Table 6). The authors found a lower 
frequency of glottal substitutions following early surgery. O'Gara and 
Logemann ( 1988) reported a higher frequency of use of palatal and alveolar 
p 1 aces in those children with early surgeries. Early surgery reportedly 
brought about oral stop predominance at 18 to 19 months, greater 
occurrence of oral fricatives and earlier preference for front vowel usage. 
The authors reported that time or surgery did not appear to affect either 
the use or nasal fricatives or the consistent preference that children with 
cleft palates had for mid, rather than high or low vowels. 
Phono logi ca 1 Processes 
Ingram (1981) suggested that for children with multiple errors a 
phonological process analysis is essential. Historically, children with 
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Tabl e 6 
Character i stics of Studies in Which the Articulation and Phonological 
Skills of Preschool Children With Cleft Palate Are Assessed: Other 
Analyses Completed on Samples 
Author 
(Year ) 
Estrem & 
Broen 
( 1989) 
Letcher, 
Broen, & 
Moller 
( 1986) 
Lynch, 
Fox, & 
Broo~shire 
( 1983) 
O'Gara & 
Lo;Jemann 
( 1988) 
Correct/ 
Incorrect 
Van Denmar~, + 
Morris, & 
Vanoohaar 
( 1979) 
Van Denmark 
& Swickard 
( 1980) 
Other Ana lyses 
Percentage Manner /Place 
Correct/Error 
+ 
Others 
Frequency of proouction 
in stop type, fricative 
type, vowel place, vowel 
height 
cleft palates in general have been seen to have multiple articulation 
errors. 
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In the current literature reviewed, only one study examined 
phonological process usage (Lynch et al., 1983). Lynch et al. ( 1983) found 
differences in the phonological processes used by children with cleft 
palates. 
Summary Analysis 
The authors of most of the studies reviewed, while providing a 
summarization of their data and results, did not provide a specific profile 
sheet for each individual subject (see Table 5). However, one study (Lynch 
et al., 1983) completed an individual analysis summary for manner and 
place, word initial and word final, and compensatory articulation. 
Other Analyses 
The literature reviewed on preschool children who have cleft 
palates also reported other methods of analysis (see Table 6). Authors of 
two of the studies analyzed data as correct and incorrect (Van Denmark et 
al., 1979; Van Denmark & Swickard, 1980). Van Denmark et al. ( 1979) 
found that children with cleft palates have obvious deficits in 
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art iculat ion, vowels as well as consonants. Van Denmark et al. (1979) 
reported that noncleft children reached the 90% correct level for nasal 
consonants by 24 to 36 months, while children with clefts did not produce 
/n/ at the 90% level until age six. The authors reported that normal 
children achieved 90% correct production of plosives by three years, yet 
chil dren with cleft palates, as a group, did not achieve the 90% correct 
level until 16 years. Van Denmark et al. (1979) reported that these 
deficits are strongly influenced by maturation. 
Van Denmark and Swickard ( 1980) found that many normal children 
with velopharyngeal competency do not produce fricatives at age three 
years six months. This information should be considered when assessing 
children with cleft palates. The authors also reported that the /p, b/ 
phonemes may be useful in identifying the high risk child because the /p, 
b/ phonemes are more likely to identify those children at greater risk for 
articulation delay due to velopharyngeal incompetancy. 
Authors of three of the studies (Estrem & Broen, 1989; Lynch eta!., 
1983; O'Gara & Logemann) used an analysts of manner and place for their 
samples. The results of these studies have been mentioned in the three 
previous sections. 
Summary 
The information gained from the assessment of the speech of 
children with cleft palates determines the intervention program to 
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be used to remediate their speech problems. It is therefore essential that 
the assessment completed provides a true indication of the child's 
speaking abilities. Within the recent literature there is a lack of 
comprehensive articulation and phonological ski lis assessment results 
reported for normal preschoolers, preschoolers with communicative 
disorders without clefts, and preschoolers with cleft palates. Some areas 
(ie. phonological process analysis) have been researched while others (ie. 
homonym analysis) cannot be found in any of the current literature 
reviewed. While this finding can be significant for all three populations, 
it is especially important when considering preschool children with cleft 
palates. These children, in general, are at greater risk for articulation and 
phonological skills delays. It seems important that a comprehensive 
analysis of a preschool cleft palate child's articulation and phonological 
skills be completed if treatment is to be effectively planned. 
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METHODS 
The subjects of this study were three preschool children who were 
born with cleft palates which had subsequently been repaired. They 
presented no other developmental delays other than their articulation and 
phonological skills. The cleft palates presented by the children were 
unilateral or bilateral, complete or incomplete. Children with cleft lip 
only were not included. The preschool child was defined as a chi ld age two 
to and not including age five. The three children were chosen from the 
population of preschool children with cleft palates who were currently 
enrolled at the Utah State University Speech-Language-Hearing Center. 
The subjects were matched for age. No attempt was made to match for 
cleft type due to the heterogeneous nature of the cleft palate population 
as a whole. 
Subject I 
Subject 1 was four years five months of age and had a complete 
unilateral cleft of the primary and secondary palates. The lip was closed 
surgically at two months and the soft palate at 19 months. The hard 
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palate had not ye t been c losed. Currently, a prosthesis has been placed 
over the hard palate Assessments of language ability were taken from 
recent testing performed on the child by clinicians at the Utah State 
University Speech-Language- Hearing Center (USU-SLHC). The results of 
the assessment showed above average receptive language and age 
appropriate expressive language skills. The child passed a hearing 
screening, also completed at the Center. Subject 1 has been receiving 
articulation therapy at the Center since September of 1988 (two years 
five months). The speech of Subject 1 was marked by hypernasality in 
addition to other articulation and phonological skills delays. 
A traditional articulation approach was utilized for Subject 1 in 
which targeted phonemes were trained in the following sequence: 
isolation, syllables, phrases, short sentences, longer sentences, short 
paragraphs, longer paragraphs and conversation. Initially, the phonemes 
/ b, r, 1, s, m/ were targeted. Over the following three quarters, the 
phoneme targets changed, with some phonemes being added while others 
were dropped. 
At the beginning of the fourth quarter of therapy (June, 1 989), 
Subject 1 was producing the /b, p/ phonemes in spontaneous three-word 
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phrases and the / m, w/ phonemes in conversational speech. The 
remaining targets had not been treated or were in the process of being 
shaped By t he end of the fourth quarter (July, 1989), a phonological 
appr oach to treatment (Hodson & Paden, 1991) was recommended. 
In the phonological approach, Subject 1 was exposed to the 
phonemes / g, k, r, s, z, t, d/ in lists of ten words while using direct 
amplif ication units. Volume levels for the amplification units was set at 
approximately 20 dB. Subject I was expected to imitate the target words 
following the clinician's model. Oral nonspeech tasks were also included 
in the treatment. The last progress report for Subject I, dated Fall, 
1990-91, showed the /t, d/ in the initial position with 73% accuracy, /k, 
gl in conversational speech with 95% accuracy and no accompanying nasal 
emiss ions, / s/ was no longer solely a nasal emission, and /v/ was being 
produced in eve combinations with 30% accuracy. 
Subject 2 
Subject 2 was four years five months of age and was born with 
Pierre Robin Syndrome characterized by the retroposition of the lower jaw 
and cleft of the soft palate. The cleft was repaired surgically at 9 
months. Assessments of language ability were taken from recent testing 
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performed on the child at the USU-SLHC. The results of the assessment 
showed 1lbove average recept ive language skills and age appropriate 
expressive language skills. The child passed a hearing screening, also 
completed at the Center. Subject 2 had been receiving articulation therapy 
at the Center since January, 1990 (one year one month). 
Hodson and Paden's ( 199 1) phonological approach was ut ilized for 
Subject 2 in the first quarter of therapy (January, 1990). Subject 2 was 
exposed to the phonemes / p, b, t , d, k, g, t5, ~·f· f, v/ in lists of ten words 
using direct amplification units. Volume levels for the amplification 
units were set at approximately 20 dB. Subject 2 was expected to imitate 
the target words following the clinician's model. The phonological 
approach was also utilized for the next two quarters. 
At the beginning of the fourth quarter for Subject 2 (September, 
1990), therapy was changed to traditional articulation therapy. The last 
progress report, dated Fall , 1990-91, showed the /t, d/ phonemes in 
conversation with 73% accuracy, /z/ in the final position with 7S% 
accuracy, lei in the initial position with 90% accuracy, /'5/ in isolation 
with 90% accuracy, and If! in all positions with 95% accuracy. 
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Subject 3 
Subject 3 was 4 years 11 months of age and has a complete 
bilateral cleft of the lip and complete clefts of the hard and soft palates. 
The lip clefts were closed surgically at three months and the hard and soft 
palates at one year. Pharyngeal flap surgery took place in March, 1988. At 
that same time secondary surgery was completed on the lip and nose. 
Assessments of language abi 1 ity were taken from recent testing 
performed on the child at the USU-SLHC. The results of assessment 
showed age appropriate receptive language skills and above average 
expressive language skills. The child passed a hearing screening, also 
completed at the Center. Subject 3 had been receiving articulation therapy 
at the Center since June, 1988 (two years nine months). 
A traditional articulation approach was utilized for Subject 3 in 
which the targeted phonemes would be trained in the following sequence: 
isolation, syllables, phrases, short sentences, longer sentences, short 
paragraphs, longer paragraphs and conversation. Initially the phonemes 
/p, b, t, d, h, w/ were targeted. Over the following three quarters, the 
phoneme targets changed with some phonemes being added while others 
were dropped. 
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At the beginn ing of the fifth quarter of therapy (September, 1990), a 
phonological approach to treatment (Hodson & Paden, 1991 ) was 
recommended. In the phonological approach, Subject 3 was exposed to the 
phonemes It, d, k, gl in lists of ten words each, using direct amplification 
units. Volume levels for the amplification units were set at 
approximately 20 dB. Subject 3 was expected to imitate the target words 
following the clinician's model. The last progress report , dated Fall , 
1990-9 I, showed the It, kl in spontaneous sentences with 90% accuracy 
and ld, gl in spontaneous sentences with 95% accuracy. 
All sampling sessions took place in the USU-SLHC language lab or 
clinical treatment room. The researcher and the child being assessed 
played on the floor, used a kitchen set, or sat at a table and used 
playdough. When the play interactions between the researcher and the 
child took place, another student monitored the video equipment. The 
video camera was positioned so the entire play area could be viewed. 
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Audio taping was used to provide a back-up system in the chance of 
video equipment failure. The audio taping was completed through the use 
of a microphone placed near the play area. 
The researcher and the child engaged in play for a 25 to 30 minute 
period of time while being videotaped. Early videotaping to allow 
adjustment to the equipment was determined unnecessary due to each 
chi I d's former exposure to this equipment during previous therapy at the 
Center. 
Procedure 
The three single-subject assessment studies included the 
transcription of the speech of the three subjects in play. Tapings of the 
speech samples of each subject took place in one 25 to 30-minute session 
at approximately 12:00 p.m. Each taping included two play activities. For 
Subjec ts 1 and 2 the activities included (a) a play kitchen activity using a 
toy kitchen (stove, sink, cupboards); plastic forks, knives, and spoons; 
plastic food; toy cooking pans; plates and glasses; and a broom and dustpan 
and (b) a playdough activity with playdough, a rolling pin and cookie 
cutters. The activities for Subject 3 included (a) a play-farm activity 
57 
using trac tors, fences, misce llaneous farm animals, and people and (b) a 
playdough activity with playdough, a rolling pin, and cookie cutters. 
Data and Instrumentation 
Data were collected from the video and audio recordings of the 
researcher-child interact ions. Phonetic transcript ions of the video 
recordings were made using the International Phonetic Alphabet (IPA) and 
diacrit ic symbols (Shriberg & Kent, 1982) (Appendix E). The middle 15 
minutes of each sample were transcribed. 
Using Ingram's ( 1981) suggestions for transcription, each single 
word spoken by the subject was transcribed for both its intended and 
actual productions (see Figure 1 ). Each utterance of the child was 
consecutively numbered to make transfers from one analysis to another 
easier to follow. Ingram ( 1981) suggested that for the purpose of 
improving interrater agreement, a broad transcription, rather than narrow, 
should be used to transcribe speech samples. However, due to the nature 
of the distortions reported for children with cleft palate (McWilliams et 
al., 1984), it was considered necessary, in order to include diacritics, to 
58 
complete a more narrow transcription of the sample. A complete 
transcription sheet is provided in Appendi x F. 
U\t. Lexica I-I n\ended Actual 
1. my rnOr. mO.: 
Figure 1. Transcription of sample. 
Objective I 
In order to describe the production or speech sounds in the initial, 
medial, and final positions of words, an analysis sheet was completed 
From the transcription of a subject's play sample Column 1 of the 
analysis sheet contained the consonant phonemes of English. Columns 2 
through 4 were designed to record the word in which the child produced 
the sound in the initial, medial, and final positions (Objectives 1.1 to 13). 
Figure 2 shows an example of an analysis of a production of sounds. A 
complete analysis form is provided in Appendix G. 
Initial Medial Final 
p pv?t. <S-p-Iv .;>?p 
I 
Figure 2. Analysis of production of sounds. 
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Often in free conversational samples, all phonemes are not tested. 
One possible explanation for the absence of some of these phonemes is 
their limited occurrence in the English language. Shriberg and Kent (1982) 
reported information about the percent of occurrence of all consonants 
(see Table 7) The authors also reported percentage data for the 
occurrence in each position of Engli sh (see Table 8). 
Table 7 
Occurrence of Consonant Sounds in English: High, Mid, or Low Occurrencea 
High :t of Mid :t of Low :t of 
all consonants (>6%) of all consonants (2-6:1:) of all consonants ( <2:1:) 
n d j 
t '6 Q 
e 
r m ~ I w 
z Is b ; p 
v 
f 
h 
g 
aT he data presented here are adapted from Shriberg and Kent ( 1982). 
Based on the information from Shriberg and Kent ( 1982), it is not 
surprising that some of the phonemes were not tested within the subjects· 
speech samples. For example, the phoneme IJI would be considered a low 
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Table 8 
Occurrence of Consonants in the Initial Medial and Final Positions of 
Words a 
Percent Within Phoneme 
In itial Medial Final 
High Mid Low High Mid Low High Mid Low 
>50% 10-50:!: <10:!: >50% 10-50:!: <10:!: >50% 10-50:!: 
<10:!: 
'l> n r h v -ll 
w t ~ 1 s '15 ~ b b d r h 
f r k 1 g 
h 1 m d j 
g d w k w 
j k z m 5 
0 m b p 1 
p p f 
v v e 
d3 f ~ 5 g ts 
~ j n 
J n e 
~ 
t.s 
~ 
8The data presented here are adapted from Shriberg and Kent ( 1982). 
occurring phoneme, being present in English less than 2% of the time. 
When IJI is present, it has low occurrence in the final position, occurring 
less than I or. of the time. So, it would not be surprising if the sound did 
not appear in the subjects' samples, especially in the final position. 
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ObJective 2 
In order to describe the homonym usage of the subjects, analysis 
sheets were completed from the transcriptions of the play samples. 
Column I on the sheet contained the utterance number (the number of the 
utterance in which the homonym was found; see Figure 3) Column 2 
contained the actual homonyms the child produced, transcribed 
phoneti ca lly (Objective 2.1 ). Column 3 of the analysis sheet contained the 
target word, transcribed both phonetically and lexically. The final column 
contained the words deviant or nondeviant (Objective 2.2). A deviant 
homonym was defined as a homonym that does not exist in adult speech 
Therefore, nondeviant was def ined as a homonym found in adult speech. A 
complete analysis sheet is provided in Appendix H. 
Utt Homonym Lexical Word ~eviant/Non-Deviant 
35 wax? wn;;:;>t ..,vhit.~ Devoo..--l 3? ~o.:t? I n::t ?K j;le... 
Figure 3. Analysis of homonyms. 
The percentage of deviant homonyms (Objective 2.3) was computed 
by dividing the number of deviant homonyms by the total number of 
homonyms and multiplying the quotient by qne hundred. 
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Objective 3 
In order to describe the delet ion, substitution, and distort i on 
patterns heard in the speech of the sub jects, analysis sheets were 
completed from the transcriptions of the play samples. Column I of an 
analysis sheet contained the utterance number, specifically the number of 
the utterance in whi ch the word containing substitutions, distortions, or 
om issions was found. Only one word was recorded per line (see Figure 4). 
Words containing no substitutions, distortions, or omissions were not 
recorded. 
Utt. Substitutions Distortions Omissions 
3. 1-'>w''l 0. (/"'\) ... 0.> i:...,q,rn 
Figure 4 Analysis of substitution, distort i on, 
omission. 
Column 2 contained the substitutions made by the subject 
Substitutions were recorded to show the target phoneme becoming the 
substituted phoneme (e.g., the notation g ~ d would mean /g/ became /d/) 
The posit ion of the sound in the word was written in parenthesis next to 
the target substitution, using (I) for initial position, (M) for medial 
pos it i on, and (F i for f inal position (i.e. g t d (I)). 
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Column 3 contained distortions made by the subject. The 
distortions were recorded in the same manner as the substitutions, with 
the except ion of d1acrit1cal markings to indicate the distortion (e.g., z ->z). 
The fourth co lumn of the analysis contained omissions (sounds deleted) 
f rom the chil d's speech The omissions were recorded in the same manner 
as the other prev i ous columns w i th the exception of the symbol"¢." Thi s 
symbo l denotes a missing sound, so I t!-. ¢ would be read, "It! became 
om i tted." A complete substitution analysis sheet is provided in 
Appendix I. 
Objective 4 
In order to describe the phonological processes used by each 
subj ect, a spread sheet program was designed. Each target word was 
ana lyzed to determine which ones of a selected group of phonological 
processes could be used by the subject (see Figure 5) Totals were 
computed for each phonological process. The subject's actual productions 
were coded to determine which processes were actually used by the 
sub j ect (Objectives 4.1 and 4.2) and these were also totaled. For a 
complete example of the phonological processes analysis sheet see 
Appendix J. Coding was completed by placing a "one" in the column if the 
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Transcription j Phonological Processes 
STR CR DFC FCD FR BK LS GR PV CH ST DIC WSD 
tm 7v I 0 1 0 0 0 1 0 0 0 1 0 0 
Figure 5. Analysis of phonological processes 
process could or did occur and a "zero" if the process could not or did not 
occur (see Figure 5) 
The results of the coding of possible and actual occurrences of 
phonological processes were compared, and a percentage score was 
computed (ObJective 43). The percentage score was computed by dividing 
the actual number of phonological processes used by the total number of 
possible occurrences for each phonological process, followed by 
multiplying the quotient by one hundred. 
The phonological processes used in the analysis were stridency 
de let JOn, cluster reduction, deletion of final consonant, final consonant 
devoicing, frontmg, backing, liquid simplification, glottal replacement, 
prevocalic voicing, consonant harmony, stopping, deletion of initial 
consonant and weak syllable deletion. For a complete description of each 
phonological process see Appendix K. 
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Object ive 5 
In order to describe each subject's ov erall art iculati on and 
phonological skills, a summary sheet was utilized. The findings ol' the 
four previous analyses were transfered to a single summary sheet. 
Phonetic inventory was summarized by placing a check mark in the 
appropriate square to indicate which sounds were produced in which 
position of the words (see Figure 6). 
P m h n w b k g d t '} f j r I s ~ z '5 v s 3 e ~ 
I v-v ../../ / v' ,/ I"' 
M vv./ v../ 
../v' 
F 'v' v [../ vv ,/ 
Figure 6. Summary sheet-Phonetic analysis. 
Analysis of homonyms was summarized by transferring the number 
of homonyms, of lexical words and of deviant homomyns to the summary 
sheet. The percentage of deviant homonyms was also transferred to the 
summary sheet and examples were recorded (see Figure 7). 
# of homonyms----'-,-----
#of lexical words -,----=2. __ 
#deviant 1 
ll: deviant I 00 '7o 
Examples: ----,--
wgx7- wm,?t 
\aT7K 
Figure 7. Summary sheet -Homonym analysis. 
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Substitution anal ysis was summarized by grouping and by listing 
each subject's substitutions, distortions and om issions by position in 
words (see Figure 8). To conserve space on the form, the subst i tutions 
were recorded differently. What had prev iously been recorded as /t .. k/ on 
the substitution analysis was coded as k/ ton the summary sheet This 
would be read as "/k/ was substituted for It!." 
Substi tuti ons Distortions Omissions 
I K/t t. 
M 0.. ~ i.l.> 
z., p 
F "-It t,d. 
Figure 8. Summary sheet- Subst itution analysis. 
Phonological process analysis was summarized by transfering the 
total number of each specific process used in row 1 and the percentage of 
the total possible processes used in row 2 (see Figure 9). A complete 
summary sheet is provided in Appendix L. 
STR CR DFC FCD FR BK LS GR PV CH ST DIC WSD 
Total used: 12 3 27 0 0 0 I 'I 0 0 iO 10 0 0 
7. of total 
possible 30 7 LJ8 0 0 0 35 0 6 1.{0 2.0 0 0 
Figure 9 Summary sheet- Phonological processes analysis. 
67 
lnterrater ReI iabi I ity 
I nterrater re 1 iabi 1 ity was assessed by having two graduate students 
and one second quarter senior in the department of Communicative 
Disorders review the videotapes. The two graduate students had had 
previous experience with assessment and treatment of preschoolers with 
cleft palates The second quarter senior had been found to be highly 
accurate in previous transcription work and reviewed examples of 
compensatory substitutions from audiotapes before transcribing for this 
study. 
Three minute segments randomly selected from each child's sample 
were transcribed by the raters. The raters were given a script that 
provided the intended production of each child. They were asked to 
transcribe each sample using the diacritics, compensatory substitutions, 
and IPA symbols listed In Appendix E. An interrater reliability level of 
90% or better was the target level for each of the transcriptions. 
During the interrater reliability sessions involving transcriptions 
from the actual videotapes, the researcher answered questions for the 
raters and reviewed some of the diacritics. The researcher's 
transcriptions were compared to the raters· transcriptions. The 
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percentages of interrater re 1 iabi 1 i ty were determined by calculating the 
total number of agreements and dividing by the total number of trials, that 
i s, agreements plus disagreements for each child's transcription An 
interrater reliability percentage of at least 90% was reached for at least 
two of each of the subjects' transcriptions. The percentages of interrater 
reliability are provided in Appendix M. 
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ANALYSIS OF THE RESULTS 
Subject I 
Objective I 
In order to describe production of speech sounds in the initial, 
medial, and final positions of words, an analysis sheet was completed 
from the transcription of the play sample. 
Subject I was able to produce the phonemes /p, m, h, n, w, b, k, g, d, 
t, f, j, v, 8/ in the initial position (Objective 1.1) in conversational speech 
(see Table N-2 in Appendix N) Often in free conversational samples, all 
phonemes are not tested. This was true for the conversational play sample 
obtained from Subject I. The consonant phonemes/~, z, d,)f were not 
tested in the sample. The remaining consonant phonemes that were tested 
but not produced in the initial position are the /s, I, r, ty~/ phonemes. 
According to Nicolosi, Harryman, and Kresheck's ( 1983) speech 
sound acquisition chart, the /6/ phoneme is generally not mastered until 
age six. Subject I would not be expected to have mastered the /1/ 
phoneme at the time of assessment. However, the Its! phoneme is 
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generally acquired at four years si x months and the I s, I, r l at four years. 
Therefore, these should have been occurring in the child's speech 
The child's ability to produce phonemes in the medial position 
(Objective 1.2) appeared to be similar to the initial position. Subject 1 
produced the lh, n, w, b, k, g, Q. f, jl phonemes in the medial position (see 
Table N-2 in Appendix N). The phonemes I p, m, t5,J, z, <J· v,e,&.JI were 
not tested in the medial position in the sample. The remaining phonemes, 
tested but not produced in the medial position were ld, t, I, r, s/. The It! 
phoneme is not generally mastered in the medial position until age six 
years and therefore would not be expected in the speech of Subject 1. The 
remaining sounds ld, sl and II, rl are generally mastered at ages three 
years and four years respectively (Nicolosi et al., 1983). 
Subject 1 produced seven consonant phonemes in the f ina I position 
(Objective 13) The phonemes lp, m, n, k, g, f, vi were produced in final 
position by the child (see Table N-2 in Appendix N). The phonemes lh, w, b, 
r, l,J, cJ;.ll,)l were not tested in the final position in the sample. The 
remaining phonemes, tested but not produced in the final position were ld, 
t, z,e, Q, s, ~I The lei phoneme is not generally mastered in the final 
position until age six years and the lzl phoneme is not mastered in the 
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final posit ion until seven years. These phonemes would not be expected in 
the child's speech The remaining sounds /t, ~!, / d/, and /s, ~/are 
generally mastered at ages three, four and four years six months, 
respecti vely, (Nicolosi et al, 1983) in the f inal position 
Objective 2 
In or der to describe the homonym usage for Subject I, an ana lysis 
sheet was completed from the transcrip t ion of the play sample Sub ject I 
used seven different homonyms. In each case the homonym represented 
two different lexical words (see Table N-3 in Appendix N) Subject I 
produced the following homonyms: /j €7/ for "yet" and "yes," / war'lk / for 
"l ike" and "wh i te," ;:;,n; for "an" and "and," / ju/ for "you" and "your," / go/ 
for "go" and "going," / war?/ for "right" and "l ike," and / wr7; for "which" and 
"with." All of the homonyms the child used were deviant, or not present in 
the speech of adults, resulting in I 00% of the homonyms being deviant 
Objective 3 
In order to describe deletion, substitution and distortion patterns 
heard in the speech of Subject 1, an analysis sheet was completed from 
the transcription of the play sample. The child's speech was characterized 
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by two distortions and a variety of substi tu t ions and omissions (See 
Tab les N-4 and N-6 in Appendix N) The two di stort ions that occurred in 
the sample were in the initia l and final positions. In the initial pos ition, 
the vowe l /ar/ was lengthened and in the final position the vowel I 'l-l was 
shortened. 
Substitut ions were observed in all positions. In the init i al position, 
/k, g/ were used as substitutions for /t, d, t5,1S / The glottal stop,/?/, 
was also subst ituted for It, d/. The nasal consonant /n/ was used in place 
of /s, '6 / while the / w/ phoneme replaced / r, 1/. Some compensatory 
substitutions were also observed initially. Specifically, the mid-dorsum 
stop replaced both / d/ and If./. A voiceless pharyngeal fricative was 
substituted for /s/. 
In the medial position, some of the same substitutions were noted. 
The /k/ and f ?f were substituted for It! , the /g/ phoneme replaced / d/, 
the / w/ phoneme replaced /1/, and a voiceless pharyngeal fricative was 
substituted for /s/. 
The majority of the substitutions in the final position were for 
fricatives. The /s/ phoneme was replaced by/?/ and a voiceless 
pharyngeal fricative. The / z/ phoneme was replaced by voiced and 
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voiceless pharyngeal f r i cat ives. A/?/ was also subst i tuted for /e, v/. The 
remaining substi t ut ions were /k/ for / g, t1 and I f / for /0 / . 
Omissions were the most frequent in the final posit ion. Both singl e 
consonants and consonant clusters were omitted. The single consonant 
omitted the most frequentl y was t he I t! phoneme The It! phoneme was 
omitted in the final posi t ion 18 t imes (see Tab le N-4 in Append ix Nl. The 
other consonant phonemes omi tted were / e, r , 1, n, k, f , v, d, s/. The 
consonant clusters omitted were / ttl and /?t/. 
In the medial position the phonemes l;. 1, t, r,t-/ were omitted. The 
only consonant omitted in the initial position was the 1'61 phoneme. 
Object ive 4 
In order t o describe the phonol ogical processes used by Subject I , a 
spread sheet program was designed. Each target word was analyzed to 
de t ermine which, of a selected group of phonological processes, could be 
used by t he subject Totals were computed for each phonological process 
and were compared to those processes which were actually used by the 
chi ld. 
Subject 1 used 12 of the 13 phonological processes analyzed (see 
Tab le N-5 and N-6 in Appendix N). The six highest percentages observed 
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were cluster reduct ion (65%), liquid simplification (65%), deletion of final 
consonant (48%), weak syllable deletion (47%), stopping (30%), and backing 
(26%) The remaining processes having percentages below 20% were 
consonant harmony, stridency deletion, fronting, glottal replacement, final 
consonant devoicing, and deletion of initial consonant. Prevocalic voicing 
was never used by subject one in the sample. Compensatory substitutions 
were noted in the idiosyncratic section as well as those consonants 
replaced by /n/. 
Subject 1 also demonstrated hypernasality. This vocal disorder is 
generally due to insufficient velopharyngeal closure (closure of the space 
between the oral and nasal cavities caused by the soft palate or velum, 
coming in contact with the pharyngeal wall). 
Subject 2 
Objective 1 
The same analysis sheet describing the child's production in the initial, 
medial, and final positions of words was completed from the transcription 
of the play sample 
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Subject 2 was able to produce the phonemes lp, m, h, n, w, b, k, g, d, t, f, 
j, I, s, ~,~ I in the initial position (Objective 1.1) in conversational 
speech (see Table 0-2 in Appendix 0). Often in free conversational 
samples, all phonemes are not tested. This was true for the conversational 
play sample obtained from Subject 2. The consonant phonemes 1~, z, v,)l 
were not tested in the sample. The remaining consonant phoneme that was 
tested but not produced in the initial position is the 1?51 phoneme. 
According to Nicolosi, Harryman, and Kresheck's ( 1983) speech sound 
acquisition chart, the 161 phoneme is generally not mastered unt i l age six. 
SubJect 2 was four years six months and therefore would not be expected 
to have mastered the lt!il phoneme. 
The child's ability to produce phonemes in the medial position 
(Objective 1.2) appeared to bP similar to the initial position. Subject 2 
produced the lp, m, h, n, w, b, k, g, d, t, s, vi phonemes in the medial 
position (see Table 0-2 in Appendix 0). The phonemes lb, f, j, ~, z, <J;,J.j I 
were not tested in the medial position in the sample. The remaining 
phonemes, tested but not produced in the medial position were /l'J, 1, r,e, Qi . 
The /6/ and /8/ phonemes are not generally mastered in the medial position 
unt i l ages seven and six years respectively. 
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The remain:ng sounds / n/ and / 1, r / are generally mastered at ages three 
years and four years respectively (Nicolosi et al, 1983). 
Sub j ect 2 produced twelve consonant phonemes in the final position 
(Objective 13). The phonemes /p, m, n, k, d, t, n, f, 1, s, z, vi were produced 
in the fi nal pos i tion by the child (see Table 0-2 in Appendix 0) The 
phonemes / h, w, b, j, r, ~ · '9· )') ,t> l were not tested in the final position in 
t he sample The remaining phonemes, tested but not produced in the final 
position were Je, gl . The !81 phoneme is not generally mastered in the final 
position until age six years. This phonemes would not be expected 
in the child's speech. The remaining sound, /g/, is generally mastered at 
age four years (Nicolosi et al, 1983) in the final position. 
Objecti ve 2 
In order to describe the homonym usage for Subjec t 2, an analysis 
sheet was completed from the transcription of the play sample Subject 
2 used two different homonyms. One homonym represented two 
di fferent lexical words and the other, three different lexical words (see 
Table 0-3 in Appendix 0) Subject 2 produced the following homonyms: 
; 1h u/ for "two" and "too;" and /a/ for "are, " "a," and "to." One of the 
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homonyms the chil d used was dev iant, while the other was nondeviant 
This resulted in SO% of the homonyms being deviant 
ObJective 3' 
In order to describe de letion, substitution and distortion patterns 
heard in the speech of SubJec t 2, an analysis sheet was completed from 
the transcription of the play sample. The child's speech was characterized 
by a variety of substitutions, distortions and omissions (See Tables 0-4 
and 0-6 in Appendix 0) The distortions that occurred in the sample were 
in all positions. In the initial position, nasal emissions were present 
during the production of the phonemes and syllables /tw, k, d, pw/. The 
vowels/a,¥/ were lengthened. In the medial position, nasal emissions 
were present with the phonemes and syllables /p, bw, t/. The vowels /o, 
d,EI were lengthened. In the final position, consonants were produced 
w i th nasal emissions. The vowels /o,a/ were shortened. 
Subs t itutions were observed in all positions In the initial 
position, /d/ was used as a substitution for/~/ and one vowel substitution 
occurred, ;o. .... af. 
In the medial position the same consonant substitution was noted 
(d/ti) In addition, the !81 phoneme was replaced by /a,-u/ and the /r/ 
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phoneme was replaced by l w;al. The / w/ phoneme also replaced / 1/ in the 
medial position. Also in the medial position, !GI was replaced by a nasal 
fri cat ive. 
The majority of the substitutions in the final position was for 
liquids The / 1/ phoneme was replaced by /d, o,?!, the /r/ was replaced by 
/ a, wl , and the / 'ff/ was replaced by /a,? !. The remaining substitutions 
were the / s, ?; phonemes replacing / z/, If I replacing /v/ , and a nasal 
fricative replacing /e/. 
Omissions were present in all positions (see Table 0-4 in Appendix 
0). In the initial position, the phonemes /w, j, d,'a/ were omitted. In the 
medial position the phonemes/?, s, 1, t, r,a/ were omitted. And in the 
final position, the phonemes /r, t, d, p, s, g/ were omitted. 
Objective 4 
In order to describe the phonological processes used by Subject 2, a 
spread sheet program was designed. Each target word was analyzed to 
determine which, of a selected group of phonological processes could be 
used by the subJect. Totals were computed for each phonological process 
and were compared to those processes which were actually used by the 
child. 
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Subject 2 used 8 of the 13 phonolog ical processes analyzed (see 
Tab le 0-5 and 0- 6 in Appendix 0) The three highest percentages observed 
were liquid simplification (70%), cluster reduction (39%), and stopping 
(23%). The remaining processes had percentages below 20%. These 
included deletion of final consonant, final consonant devoicing, stridency 
deletion, deletion of initial consonant, and glottal replacement. Fronting, 
backing, prevoca lic vo i cing, consonant harmony, and weak syllable deletion 
were not used by Subject 2 in the sample. A compensatory substitution 
and /s/ becoming ;a; was noted in the idiosyncratic section. 
Subject 3 
Objective I 
The same analysis sheet describing the child's production of 
phonemes in the initial, medial, and final positions of words was 
completed from the transcription of the play sample. 
Subject 3 was able to produce the phonemes /p, m, h, n, w, b, k, g, d, 
t, f , j, s/ in the initial position (Objective 1.1) in conversational speech 
(see Table P-2 in Appendix P). Often in free conversational samples, all 
phonemes are not tested. This was true for the child's conversational play 
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sample The consonant phonemes/~, z, r, ~· ~ v,e.-;1 were not tested in 
the sample. The rema ining consonant phonemes that were tested but not 
produced in the initial position were the I J, '6 1 phonemes. 
According to Nicolosi, Harryman, and Kresheck's ( 1 983) speech 
sound acquisition chart, the l j ! and /6/ phonemes are generally not 
mastered until ages four and six years respectively. Subject 3 was 4 
years I I months and therefore, would have been expected to have mastered 
the If! phoneme but not the 151 phoneme. 
The chil d's ability to produce phonemes in the medial position 
(Objective 1.2) appeared to be similar to the initial position. Subject 3 
produced the / p, m, h, n, w, g, d, ~. s/ phonemes in the medial position (see 
Table P-2 in Appendix Pl. The phonemes / b, k, f, j, z, <5· v, e.J 'l I were 
not tested in the medial position in the sample. The remaining phonemes, 
tested but not produced in the medial position were /I, r;6, ~/ The /6/ and 
!If phonemes are not generally mastered in the medial position unti I ages 
seven years and therefore would not have been expected in the child's 
speech. The remaining sounds /I, r/ are generally mastered at age four 
years (Nicolosi et al, 1 983) 
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Subject 3 produced II consonant phonemes in the final position 
(ObJective I 3) The phonemes /p, m, n, k, g, d, t, ~· f, z,e! were produced 
in final position by the child (see Table P-2 in Appendix P) The phonemes 
/h, w, b, j, r, ~· dy.j.; .M were not tested in the final position in the 
sample. The remaining phonemes, tested but not produced in the final 
posltion were / r, I, s/. The /II phoneme is not generally mastered in the 
fmal position until age six years. This phonemes would not be expected in 
the chi I d's speech. The remaining sounds / r / and / s/ are generally 
mastered at ages three years six months and four years six months 
respect ively (Nicolosi et al, 1983) 
Objective 2 
In order to describe the homonym usage for Subject 3, an analysis 
sheet was completed from the transcription of the play sample. Subject 
3 used one homonym. The homonym represented two different lexical 
words (see Table P-3 in Appendix Pl. Subject 3 produced the homonym 
/n?J/ for "no" and "know." The homonym the child used was nondeviant. 
Th is resulted in or. of the homonyms being deviant. 
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Ob jective 3 
In order to describe deleti on, substitution and distortion patterns 
heard in the speech of SubJect 3, an analysis sheet was completed from 
the transcription of the play sample. The child's speech was characterized 
by a var iety of substitutions, a few distortions and a few omissions (See 
Tables P-4 and P-6 in Appendix P) The distortions that occurred in the 
sample were in all positions. In the initial position, nasal emissions were 
present during the production of the phoneme / d/. In the medial position, 
two vowels were lengthened--the /o, t./ phonemes. In the final position a 
consonant was produced with nasal emissions. The vowel /o/ was both 
shortened and lengthened. 
Substitutions were observed in all positions. In the initial position 
a pharyngeal fricative was used to replace /s,J /. The / d/ phoneme was 
used as a substitution for 1'61, ljl replaced /~/ and / w/ replaced /1/. 
In the medial position of words the same consonant substitution 
was noted (d/ts). In addition, the/?/ phoneme replaced /I, d, n/ and the/$/ 
phoneme was replaced by /<J,V/ . The / w, o/ phonemes replaced / 1/ in the 
media l position. Also in the medial position, / s/ was replaced by a 
voice less pharyngeal fricative. 
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The maJority of the substitutions in the final position was for 
fricatives and liquids. The /s/ phoneme was replaced by a voiceless 
pharyngeal fricative and /z/ was replaced by both voiced and voiceless 
pharyngeal fricatives. The /v/ phoneme was replaced by!?!. The vowels 
/o, a/ replaced /I/ in the final position and /r;t/ were replaced by /~,v/ . 
Omissions were present in the medial and final positions (see Table 
P-4 in Appendix P) In the medial position the phonemes / r , tl, II were 
omitted. In the final position, the phonemes (both single and clusters) 
/?t, d, t, ru, z/ were omitted. 
Objective 4 
In order to describe the phonological processes used by Subject 3, a 
spread sheet program was designed. Each target word was analyzed to 
determine which, of a selected group of phonological processes could be 
used by the subject. Totals were computed for each phonological process 
and were compared to those processes which were actually used by the 
subject. 
Subject 3 used 10 of 13 phonological processes analyzed (see Table 
P-5 and P-6 in Appendix P). The four highest percentages observed were 
liquid simplification (76%), backing (41%), stopping (31%) and cluster 
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reduction (29%) The remaining processes had percentages below 20%. 
They were deletion of final consonant, fronting, final consonant devoicing, 
glottal replacement, weak syllable deletion, and stridency deletion. 
Prevocalic voicing, consonant harmony, and deletion of initial consonant 
were not used by the child in the sample. A compensatory substitution 
was noted in the idiosyncratic section as well as the insertion of a /d / 
and /?/ . 
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DISCUSSION 
Subject I 
A summary sheet was used to describe the overall articulation and 
phonological skills of Subject I (ObJective 5). The findings of the first 
four objectives were transferred to a single summary sheet. 
Subject l's speech was marked by extensive use of homonyms, 
substitut ions, omission, and several phonological processes. Distortions 
were not significant (see Table N-6 in Appendix N). 
The homonyms that were used had the potential to make the child's 
speech unintelligible. This would be due to the deviant nature of the 
homonyms, or more specifically, the fact that they never occur in adult 
speech. One other aspect of concern would be the variability noted within 
the homonyms themselves. In one case, SubJect I used two different 
homonyms for the same lexical word. This occurred in utterance numbers 
24 and 29 where the word "like" was said /war.?/ and /war7k/ respectively 
(see Table N-3 in Appendix N). 
In the phonetic inventory the /t, d/ phonemes were not present in 
the medial or final positions. In addition to the delay in sound acquisition 
for these phonemes, this result also had an impact on the other analyses 
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which were performed. The subst i tut ions l k,? l for I t! and l gl for / dl 
resulted in the sounds be ing absent. It should be noted that these 
subst ltut ions are back sounds replacing front sounds, thus providing 
support for the high percentage occurrence of the phonological process, 
backi ng. This process is further supported by the compensatory 
subst itutions of voiced and voiceless pharyngeal fricatives for lz l and I s/ 
respect ively. Two sounds produced in the back of the oral cavity were 
subst i tuted for two sounds produced in the front of the oral cavity. 
The high number of final consonants that were omitted explained the 
high percentage of deletion of final consonants. The process w1th the 
highest percentage, cluster reduction, was also supported by the number of 
final consonants deleted. For example, the It! phoneme was omitted from 
the final position 18 times. The consonant cluster I tl was being reduced 
to I ?! 16 of the 18 times that It! was omitted. 
It was noted that several sounds were not tested in the chi I d's 
sample. Of those phonemes not tested in the initial position, the IQ, zl 
phonemes are low occurring sounds (see Table 8). The !151 phoneme is the 
only low occurring phoneme untested in the medial position. In the final 
posi tion, the phonemes / h, w, b,f,li.JI are all l ow occurring sounds. The 
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low occurrence of the sounds was the probable reason that they were not 
tested in the child's sample 
Subject 1 demonstrated hypernasality in speech during play. This 
vocal disorder appeared to affect intell igibility, because attention was 
drawn to how the speech was produced rather than to what was said. This 
vocal disorder is generally due to insufficient velopharyngeal closure and 
should not be con fused with nasal emissions. Nasal emiss ions are 
characterized by a burst of air coming from the nasal cavity in 
combination with another articulated sound. 
Subject 2 
A summary sheet was used to describe the overall articulation and 
phonological skills of Subject 2 (Objective 5). The findings of the first 
four objectives were transferred to a single summary sheet. 
Subject 2's speech was marked by minimal use of homonyms and by 
extensive use of substitutions, distortions, omission and several 
phonological processes (see Table 0-6 in Appendix 0). 
The homonyms used by Subject 2 did not have the potential to make 
speech unintelligib le. One of the homonyms was deviant, however, Subject 
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2 did produce "to" correct ly el sewhere within the sample (see Table O- J in 
Appendix 0) 
One maj or impact on the intelligibility of speech was the number of 
distortions present. The main distortion present was the addition of nasal 
emi ssi on during consonant production in the initial, medial and final 
posit ions of words. The accompanying nasal emissions in the child's 
speech was further supported by a substitution seen in the medial and 
fi nal pos i tion The ;e; was replaced by a nasal fricative in both positions. 
Wh i le this is often the case with the speech of children with cleft palates 
(McWilliams eta!., 1984), it can be highly distracting to listeners. 
The child's substitutions consisted of consonants or vowels 
replac ing / 1, r,o/ within the sample. This result lends support to the high 
percentage of the phonological process, liquid simplification, within the 
sample. It also explains the lack of production of the /r/ phoneme seen in 
the phonetic analysis. 
Cluster reduction was also supported by the substitution analysis 
completed. A number of the omissions used by Subject 2 reduced a 
consonant cluster to an individual phoneme. This was especially true of 
those consonants omitted in the final position. Often the phoneme was a 
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part of a cluster containing a!?! The!?! wou ld r emain and the consonant 
would be deleted. This finding also support ed the use of dele t ion of f inal 
consonant 
It was noted that severa l sounds were not tested in the sample Of 
those phonemes not tes t ed in the mi t i al posi tion, the 1 ~,z l phonemes are 
low occurr ing sounds (see Table 8). In the final positi on, the phonemes 
/ h, w, b, J, J. )!Il l are low occurring sounds. The low occurrence of the 
sounds was the probable reason that they were not tested. 
Subject 3 
A summary sheet was used to describe t he overall articulation and 
phono logical sk ills of Subject 3 (Objective 5). The findings of the first 
four object ives were transferred to a single summary sheet 
Subjec t 3's speech was marked by minimal use of homonyms, 
distor t ions and omissions and by extensive use of substitutions and 
several phonological processes (see Table P-6 in Appendix P). 
The homonyms used by Subject 3 were nondeviant, that is, they 
occurred in adu l t speech, and therefore had no potential to make speech 
un intell igible (see Table P-3 in Appendix P). Subject3 used one homomyn, 
90 
spec1iically , / no/ for "no" and "know ." Discriminat ing between the two 
lexical words would be poss ible due to the contexts in which they were 
found 
Of those distortions present Jn the child's speech, the most negative 
impact would come from the accompanying nasal emissions with 
consonants in the init i al and final positions. This occurred on the / d/ 
phoneme in the initial position and the / z/ phoneme in the final position. 
The substitution with the greatest impact on intelligibility would 
most likely be the high frequency of voiced and voiceless pharyngeal 
fricatives to replace the consonant phonemes /s, z,f I. These 
substitutions occurred in all positions within the sample. These 
subst i tutions occurred a total of 41 times in the sample. This 
subst i tution, in addition to being unusual, provided support for the high 
percentage of backing occurring within the sample Forty-one of the 43 
times a sound was backed was due to these compensatory substitutions. 
Another phonological process with a high percentage was liquid 
simplification. This process is further supported by the number of /I, r,C/ 
phonemes being replaced by other consonants or vowels. These 
subst i tutions also occurred in all positions. 
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It was noted that several sounds were not tested in the sample. Of 
those phonemes not tested in the initial position, the 19, zl phonemes are 
low occurring sounds (see Table 8). In the final position, the phonemes /h, 
w, b, J, J, 3, '61 are low occurring sounds. The low occurrence of the 
sounds was the probable reason that they were not tested in the child's 
sample. 
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CONCLUSIONS AND IMPLICATIONS 
Subject I 
The problem defined in this study was the lack of comprehensive 
analyses of articulation and phonological skills that were being completed 
for preschool children with cleft palates Analysis of the results of this 
study indicated that, depending on the child in question, each part of a 
comprehensive analysis was needed to determine the articulation and 
phonological skills of preschool children with cleft palates. 
The phonetic inventory completed for Subject I revealed some 
delays in the acquisition of sounds (see Table 9). Subject I had one to two 
year delays in the acquisition of I t, d, s, I, r, ~/,with most of the sounds 
missing in the initial and final positions. This delay had an impact on the 
second analysis, homonyms. 
Subject I used seven homonyms for 14lexical words. All of the 
homonyms were considered deviant (not found in adult speech). This 
analysis also revealed inconsistencies within the child's speech 
production. Subject I used two different homonyms for one lex ical word. 
The word "like" was produced as both / war? k/ and /war?/. Without this 
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Table 9 
Summary Sheet for Subject 1 
Phonetic Inventory Analysis-Initial Medial Final• • 
I lv v' ./ ././ ./ ./ v./ v vv' ......... .. 
'" 
v./ 
M 
./ ./,/ ./ 
F vv ./ 
Analysis of Homonyms 
./ ,./._ v vv ........ H 
v./ """"' ..... ·~ v ,...,. ..... 
.... Sou..nd.s wh,ch ~nc.....l.d bG 
C\C,~...; c<J +ho.l ""'-'<. te,..td 
v 
• of homonyms ---'7--:-:--- Examples : WCti7 ~- I <li 7 k 
• of lexical words ---,::-'--1 '+_,__ __ 
• deviant ____ 7,__ __ 
W(\I7 t 
~ deviant ---"to..,o..._,7_.,_o __ 
Substitution Analysis 
Substitution\~ '!>J Distortions Omissions 
0 {<; 0{~ rfl<>/d 6 
I <It %.1 'ld 7/t. 'II) 
,,:;:_;6 •'4/s wf, "/c•lc. 
o.:t ....,. ,)~ : 
-! 
M 1iJ•-I.r'l• "'II .~,, 7 1t 'it il:xc 
).•1, t, r, I,~ 
F '/'j p\'f~ ,pfJz. Uflf' t.r-, t,e,r, :t~, ¥',I , s 
'le 1 / • Kfu'fJ?IIl 1/. :t ... 'if-> 'i··" 7t ~ l:s " t.c _d 
Phonological Processes Analysis 
STR CR DFC FCD FR BK LS GR PV CH ST 
otal Used : 5 43 55 2 2 zs IS 1'-1 0 3 13 
~of tollll 
!5 1.,5" Ll£l 7 II 21., bS g 0 \fa 30 possible 
DIC WSD 1010 
Tolal Used: 2 g vowe.\ ~.:... s.>o(pO"' z..,.cpO,. 
ll of tolal z-+ (_v ~0" 3 .,c_l'l"<::si" ~;-., () 
possible 2 Ljl ci-"t(~)"' ::, ... n 
~r•- r"'"~"'J'.J 
+.-.a. .. hi/(... 
• p(- ~o<u:.l pho•~'"JL<J ~.Ci!...;i~c:.. 
I"''Xi~r -"" .d.Jc...~u.n, 
~~"~ 
analysis, this inconsist ency of sound producti on might not have been 
discovered (refer to Table 9) 
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The substitut i on ana lys is al so r·evealed important informat i on. The 
phonet i c inventory showed correct production of the lvl phoneme in the 
initia l and final positions. The substitution analysis revealed that this 
phoneme was not mastered. The phoneme l vl was omitted and replaced by 
a !?I in the final position of words. The same was found with the I t! 
phoneme. The I t! phoneme was produced correctly in the initial position 
of words according to the phonetic analysis, however, the It! phoneme 
was replaced in all positions by the /7, kl phonemes and was omitted in 
the final position. The substitution analysis revealed most of the child's 
arti culation errors as subst i tutions and as omissions. 
In treatment, the number of phonemes for Subject I needing 
remediat ion would be far too high to warrant a traditional approach. The 
phonological processes analysis helps in grouping the multiple errors. 
Subject one's phonological processes analysis revealed a high percentage 
of deletion of final consonant (see Table 9) The use of this process 
explains the high number of phonemes omitted in the final position. By 
targeting this process with a phonological approach the individual 
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phonemes need not be targeted. The same can be seen for the child's use of 
backi ng. The substitut i ons / t t k/ and /s, zl becoming pharyngeal 
fricat ives could be, in part, due to the use of backing. By targeting 
back ing, it would be unnecessary to drill each individual phoneme 
Based on this assessment, the phonological approach currently 
be ing used with Subject I still appears to be the best procedure for 
intervention. Some approach to add consistency to speech sound 
production would increase intelligibility. By treating the phonological 
processes being used by Subject 1, some of the homonyms seen in the 
sample would no longer exist. 
Subject 2 
The phonetic inventory completed for Subject 2 revealed delays in 
the phonemes / ~ , I, r, g/ in the medial and final positions These delays 
did not seem to affect the production of homonyms in the child's speech 
(see Table 10). 
In the sample, the only deviant homonym observed was the /CII for 
the words "are," "a," and "to." This homonym would not greatly affect 
intelligib i lity due to the type of words it replaced. The homonyms in 
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Table 10 
Summary Sheet for Subject 2 
Phonetic Inventory Analysis-Initial Medial Final• • 
pmhnwbkgdt9fjrl s~z<~;v())3fi 
I 
,/ v ,/ / v // v'/ I / ./v' v' v Ill 
M 
./ 
""' 
,/ ,/ ./ / ,/ ,/ I,' .).'It-.,..,. / ,/ 
F 
./ ./ / ,/ .... / I VI/ v ./ v ./ 
JHrr So~l'\d S i h.,:..l ~ hc.:JJ, h<.... 
Analysis of Homonyms 
• of homonyms _ _cl==--- Examples: 
• of lexical words _ _,._ __ _ 
• deviant---::'--,;;----
~ deviant 5 Q '2o 
Substitution Analysis• 
Substitutions Distortions Omissions 
I d/-'6 •7/c. O..+l\:. :f.--" \l... : K•;: 
t., 21' ~,..., t;. u- t~ ..; J J ~ 
M ~/r :~tr V;>/'( W/r 
, , ~~ ?ft. w.j; d /£,_ nr 1~ rr""'pt:.. d~.,.,~ C-'f> 7 b..- .. ~ - _t-'>'i: (),.,()> s I t r " 
F 5/z. ~~~ "'/r ~~~ "'v ,;)..,. ·""> ~· . ~ r t d p s 'j ;}/~ CJ "lr ij1 ?j;o%J J~J ·.z. . ., 0. .. .,o:,. 
Phonological Processes Analysis 
STR CR DFC FCD FR BK LS GR PV CH ST 
otal Used : 5 .;2b 2,Lj. 6 0 0 32. 3 0 0 14 
lr. of total z 23 possible /0 3'! IG 15 0 0 70 0 0 
DIC WSD ID\0 
Total Used: 7 0 vowd &o.l"'jt:. ::>">O> e.., tnO'* 
r. of lola\ 
~ossible 5 0 
97 
error are less meaningful words in conversation, and when omitted or 
replaced, the overall meaning of a sentence remains intact 
The substitution analysis revealed the greatest difference between 
Subject 2 and the other subjects. While the number of substitutions and 
omissions were sim1lar to those seen in the speech of Subject I, the 
number of distortions in the speech of Subject 2 was extremely high in all 
positions (see Table 10). Nasal emissions and vowel length changes 
occurred in all positions. These nasal emissions (burst of air from the 
nasal cavity produced at the same time as other sounds) can greatly affect 
the intelligibility of speech. 
The use of phonological processes was much less for Subject 2 than 
for the other subjects. The highest percentage was liquid simplification 
in which /1, r,r>/ are replaced by a vowel or /j, w/ (see Table 10). This 
percentage, while high, is not of great concern due to the age of Subject 2. 
The use of li quid simplification is common in most children of age four 
years five months. 
The treatment, a traditional articulation approach, currently being 
provided for Subject 2 appears to be the most appropriate based on this 
assessment In addition, Subject 2 would benefit from oral air flow 
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therapy to help reduce the number of nasal emissions being produced in 
conjunction with other articulated phonemes 
Subject 3 
The phonetic inventory completed for Subject 3 revealed delays in 
the phonemes If, I, r, s/ , primarily in the medial and final posit ions. These 
delays did not seem to affect the production of homonyms in the child's 
speech. The homonym analysis revealed only one nondeviant homonym in 
the speech of Subject 3 (see Table 11 ). 
The substitution analysis also revealed important information. The 
phonetic inventory showed correct production of the /s/ phoneme in the 
ini tial and medial positions. The substitution analysis revealed that this 
phoneme was not mastered. The phoneme /s/ was replaced by a pharyngeal 
f r icative in all positions (see Table 11 ). The same was found with the / z/ 
phoneme. The /z/ phoneme was produced correctly in the final position 
according to the phonetic analysis, however, the /z/ phoneme was replaced 
by a voiced pharyngeal fricative and was omitted in the final position. The 
subs t i tution analysis revealed most of the articulation errors as 
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Table II 
Summary Sheet for Subject 3 
Phonetic Inventory Analysis-Initial. Medial. Final"" 
I v' .,/ v'V v ././ v./ : v' vv v./ .. 
M / ,/ v v ,/ v',/ ,/ v ... ~ .. v' 
F ,/ v' v v v/o/ ,/,/ -~ .. ./ ../ 
_.lit $NU1£ ; #ul.t SI'\Oll.k be 
Analysis of Homonyms 
• of homonyms ---;;:---
• of lexical words --=2.'----
Examples: 
• deviant ----'"=---
r. deviant 0 "1,. 
Substitution Analysis~ 
Subslilulions Oi:5lorlion5 Omi55ion5 
I dl~ jlc>;, P~'ls r' Is d .... j 
"'II 
M 1(<1 ?fn P Is Wlc ?/1 l:"f>t 
ell-:! "'II iiT 0 /1 ti t< 'l;1- o _.,o·. t•L 
r t \ I 
F "'liS' p>l.s t"'fz.'l''/z._Y/~ ~~.- "/~ "/I"/, v-i'(- 11 2~t u -~o -:. 0_,.,.0> 1l d t. l'I.L "-
Phonological Processes Analysis 
STR CR DFC FCD FR BK LS GR PV CH ST 
otal Used: \ IY 12 3 I '-\3 zg b 0 0 22 
~of lola! 
.1 zq 12 12. '-II 71, Lt 0 () 3/ ossible II 
DIC WSD IDIO 
~olal Used: 0 I 4,? !} "" d s , (p(') * z--. wpO~ 
r. of lola! 
'-+ 
z..,lp-9)1<; 
possible 0 
I 
100 
substitu t ions with a f ew omissions in the medial and f inal posi t ion (see 
Table II) 
In treatment the number of phonemes needing remediation wou ld be 
far too hi gh to warrant a traditional approach. The phonological processes 
analysis he lps in grouping the multiple errors. The child's phono logi cal 
processes analysis revealed a high percentage of backing (see Table II). 
The phonemes / s, z,fl becoming pharyngeal fricatives could be, in part, 
due t o the use of backing. By targeting this phonological process it would 
be unnecessary to drill each individual phoneme. 
The highest percentage of use was liquid simplification in which /1, 
r, T/ are replaced by a vowel or I j, w/. This high percentage begins to be a 
concern due to the age of Subject 3. As a child approaches five years of 
age l iquid simplification should begin to be suppressed. 
Based on this assessment, the phonological approach currently being 
used with Subject 3 still appears to be the best procedure for 
intervention. By treating the phonological processes being used by 
Subject 3 Individual phonemes need not be targeted, thus providing a more 
ef fecient remediation program. 
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Summary 
The phonetic inventory was an important analysis for all three 
subjects. Each subject in this study produced speech sounds which, wh ile 
occurring correctly in the sample occassionally, were in error most of the 
time. Without completing a phonetic inventory of sounds, the child could 
be considered even more delayed than would otherwise be the case. This 
analysis could also have an impact on intervention. The procedure to train 
a target sound begins differently for those sounds never produced from 
those that are produced The phonetic inventory can provide the needed 
information for beginning treatment. 
This study determined that the homonym analysis, not found in any 
of the literature reviewed, was important. The homonym analysis was 
only significant for one of the subjects in the study. Subject I used seven 
different homonyms in the speech sample. Each homonym was deviant, and 
most likely highly affected the child's speech intelligibility. In addition, 
the homonyms that were used were not consistant. This further increased 
their impact on intelligibility. This information could also be extremely 
important when considering intervention strategies and goals. 
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The substitut ion analysis performed for each subJect revealed 
var ied results. For Subject 3, substitutions, especially compensatory 
substitutions, appeared to have the greatest impact on speech. This was 
not the case for Subjects 1 and 2. Subject 1 had a high number of 
substitu t ions, in addition, severa l omissions were noted in the final 
position of words. Subject 2's speech was highly in f luenced by 
distortions, especially the addition of nasal emission during consonant 
production. This particular analysis has been used clinically in the past, 
and it still provides important information for intervention purposes. 
When children have multiple substitution errors in their speech, it 
is often more efficient to work on whole groups of sounds rather than 
individual sounds. A phonological process analysis provides the 
information needed to plan this type of intervention. Each child in this 
study evidenced the use of phonological processes. In addition, the 
phonological process analysis and substitution analysis often 
complimented each other in that the types of substitutions or omissions 
used supported the results found in the phonological process analys is. 
Finally, the summary sheet recommended by Ingram ( 1981 ), was 
found to be a simple way to organize the results of all analyses completed. 
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The summary allows the clinician to compare the performance of different 
children or the same child more quickly than could be done with individual 
analysis sheets. Use of the summary sheet would also be useful when 
explaining the results to the children's parents; and a copy of the summary 
could be given to them. 
The type of comprehensive assessment and analysis used in this 
study takes more time than do other types of analyses, but the cleft child 
needing treatment will benefit more from the comprehensive assessment 
because subsequent intervention could be more appropriately planned. This 
is especially important in the case of preschool children with cleft 
palates due to the length of time many of them are in treatment programs. 
The results of this study lead to several implications for further 
research. Comparisons between this analysis and the results of specific 
standardized tests, specifically any standardized tests that provide an 
articulation and phonological process analysis, could be completed. This 
study could be compared to the same type of study on noncleft preschool 
children. Or finally, this type of assessment could be used as the start ing 
point for a research study based on treatment designed from the 
assessments results. The study could include some research on using the 
assessment as a determiner for future velopharyngeal competency 
assessment or secondary cleft palate surgery 
104 
105 
REFERENCES 
Andrews, V, & Fey, M. E. ( 1986) Analysis of the speech of phonologically 
impaired children in two sampling conditions. Language, Speech, and 
Hearing Services in Schools, lL 187-198. 
Bankston, N. W, & Bernthal, J. E. ( 1982) A comparison of phonological 
processes identified through word and sentence imitation tasks of 
the PPA Language, Speech and Hearing Services in Schools, lJ, 
96-99. 
Dunn, C., & Davis, B. L. ( 1983). Phonological process occurrence in 
phonologically disordered children. Applied Psycholinguistics, .1, 
187-207. 
Estrem, T, & Broen, P A ( 1989). Early speech production of children with 
cleft palate. Journal of Speech and Hearing Research, 2£, 12-23. 
Fudala, J. B. (1970). Arizona Articulation Proficiency Scale (rev. ed.l. Los 
Angeles: Western Psychological Services. 
Garn-Nunn, P. G. ( 1986). Phonological processes and conventional 
articulation tests: Considerations for analysis. Language Speech 
and Hearing Services in Schools, lL 244-252. 
Goldman, R., & Fristoe, M. ( 1969) Goldman- Fristoe Test of Articulation. 
Cwcle Pines, MN: American Guidance Service. 
Haelsig, P C, & Madison, C. L. ( 1986). Study of phonological processes 
exhibited by 3-, 4-, and 5-year-old children. Language, Speech, and 
Hearing Services in Schools,lL I 07-1 14. 
Hodson, B. ( 1980). The Assessment of Phonological Processes. Danville, JL: 
The Interstate Pub I ishers and Printers. 
Hodson, B. W. & Paden, E. P ( 1991) Targeting Intelligible Speech: A 
Phonological Approach to Remediation, 2nd Edition. Austin, TX: 
Pro-Ed. 
106 
Ingram, D. ( 1981) Procedures for the Phonological Analysis of Children's 
Language. Baltimore: University Park Press. 
Kenney, K. W, Prather, E. M, Mooney, M. A, &Jeruzal, N.C. (1984) 
Comparisons among three articulation sampling procedures with 
preschoo I chi I dren. Journa I of Speech and Hearing Research £L 
226-231. 
Khan, L. M. L ( 1982) Review of 16 major phonological processes. 
Language Speech Hearing Services in Schoo~ D.. 77-85. 
Khan, L M. L. & Lewis, N. P ( 1986). Khan-Lewis Phonological Analysis. 
American Guidance Services, Inc. 
Kim, K, & Rudegeair, R E. (1979) Direction of consonant substitution in 
preschool children. Language and Speech, 2£ 371-379. 
Letcher, L. M., Broen, P. A, & Moller, K. T. ( 1986) A longitudinal study: 
Phonological changes associated with pharyngeal flap surgery. Paper 
presented at the annual conference of the American Speech-
Language-Hearing Association, Detroit, MI. 
Lynch, J. 1., Fox, D. R, & Brookshire, B. L. ( 1983) Phonological proficiency 
of two cleft palate toddlers with school age follow-up. Journal of 
Speech and Hearing Disorders, .1!1 274-285. 
McWi !Iiams, B. J., Morris, H. L, & Shelton, R L. ( 1984). Cleft Palate Speech 
Philadelphia, PA: B. C. Decker, Inc. 
Montgomery, J. K, & Sonderman, I. R ( 1989). Serving preschool children 
with severe phonological disorders. Language, Speech, and Hearing 
Services in Schools £Q. 76-83. 
Morris, H. L, Spriestersbach, D. C., & Darley, F. L ( 1961 ). An articulation 
test for assessing competency of velopharyngeal closure. Journal of 
Speech and Hearing Research, ~ 48-55. 
Nicolosi, L , Harryman, E, & Kresheck, J. ( 1 983) Terminol ogy of 
Communication Disorders. Baltimore, ML: Williams & Wil ki ns. 
107 
O'Gara, M. M. & Logemann, J. A ( 1 988). Phonetic analysis of the speech 
deve lopment of babies w i th cleft pala te. Cleft Palate Journal .;§, 
122-133. 
Pendergast, K, Dickey, 5. E, Se lmar, J. w, & Soder, A L. ( 1 969) Photo 
Articulation Test Danville, IL: The Interstate Printers & Publi shers. 
Prater, R. J, & Swift, R. W ( 1982). Phonological process development w ith 
mlu-referenced guidelines. Journal of Communication Disorders. g 
395-410. 
Preisser, D. A, Hodson, B. W., & Paden, E. P. ( 1 988). Developmental 
phonology: 18-29 months. Journal of Speech and Hearing Disorders. 
2J, 125-130. 
Schmitt, L S, Howard, B. H , & Schmitt, J. F. ( 1 983). Conversational speech 
sampling in the assessment of articulation proficiency. Language. 
Speech. and Hearing Services in Schools, 1:1, 210-214. 
Schwartz, R G, Leonard, L B., Folger, M. K., & Wilcox, M. J. ( I 980). Early 
phonological behavior in normal speaking and language disordered 
children: Evidence for a synergistic view of linguistic disorders. 
Journal of Speech and Hearing Disorders.~ 357-377. 
Shriberg, D. & Kent, R. ( 1 982). Clinical Phonetics. New York: John Wiley & 
Sons. 
Templin, M., & Darley, F. L. ( 1 960). Templin-Darley Tests of Articulation. 
Iowa City, 10: Bureau of Educational Research & Services. 
Trost, J. E. ( I 981) Articulatory additions to the classical description of 
the speech of persons with cleft palate Cleft Palate Journal. ill 
193-203. 
108 
Van Denmark, D. R, Morris, H. L, & Vandehaar, C ( 1979) Patterns of 
articulati on abilit ies in speakers with cleft palate. Cleft Palate 
Journal lQ. 230-239. 
Van Denmark, D. R, & Swickard, M. A ( 1980) A preschool articulation test 
to assess velopharyngeal competancy: Normative data. Clef t Palate 
Journal. lL I 75- I 79. 
Vihrnan, M. M., & Greenlee, M. ( 1 987). Individual differences in phonological 
development Ages one and three years. Journal of Speech and 
Hearing Research, lQ, 503-52 I . 
We iner, F. ( 1979). Phonological Process Analysis. Baltimore, ML: 
University Park Press. 
109 
APPENDICES 
Appendix A 
Coding Instrument Normal and Communicatively 
Disordered (Without Cleft Palate) 
Preschool Children 
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Coding Instrument 
Assessment of the Articulation and Phonol~ical Development of Normal and 
Communicatively Disordered (Without Cleft Palate) Preschool Children 
Reference: 
Subject Descri ption: 
Communicatively Disordered 
Gender/Num ber: male __ _ Gender / Number: rna le __ _ 
female __ female __ _ 
A~ Ran~: _____ _ ~Ran~: _____ _ 
Sempling MethOOs: 
Recorded: Audio ___ Video __ _ 
Speech Semple: Play ___ Conversation __ _ 
T~ts: -------------------------
lnaram·s ( 1981) Procedure Used: 
Complete Transcription _____ _ Proouction 1/M / F ______ _ 
Homonyms _________ ___ Substitution Analysis _____ _ 
Phonol~ical Processes _____ _ Summary-----------
Other Ana lyses Used: 
Correct vs. I nccrrect ____ _ Percentage Correct or Error ___ _ 
Severity --------- Other------------
Qua 1 itv Indicators: 
Inter-/Intra-reliability ___________________ _ 
Authors' Conclusions: 
Outccm~: -------------------------
Appendix B 
Coding Instrument Preschool Children 
With Cleft Palates 
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Coding Instrument 
Assessment of the Articulation and Phonol(XJical Development of Preschool 
Children with Cleft Palate 
Reference: 
Subject Description: 
Cleft Palate 
Cleft Type:------- Gender /Number: male __ _ 
Gender/Number: male __ _ female __ 
female __ 
Af!d Rangd: _____ _ Agd Rangd: _____ _ 
Sampling Methods: 
Recorded: Audio ___ Video __ _ 
Speech Sample: Play ___ Conversation __ _ 
T~ts: ------------------------
Ingram's ( 1981) Procedure Used: 
Complete Transcription _____ _ 
Homonyms----------
Phonolo:jical Processes------
Other Ana lyses Used: 
Correct vs. Incorrect ___ _ 
Manner or Place ____ _ 
Quality Indicators: 
Production 1/M/F ______ _ 
Substitution Analysis _____ _ 
Summary ________ _ 
Percent8gd Correct or Error ___ _ 
Other _________ _ 
lnter-/intra-re11ability ___________________ _ 
Authors' Conclusions: 
Outcom~: ------------------------
Apoendix C 
Subject Consent to Participate 
in the Study 
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Permission Letter 
Dear---------
This letter is to inform you of a study project being conducted at Utah State University by a 
graduate student in the Department of Communicative Disorders. In this study, the articulation 
and phonological skills of preschool cleft palate children will be assessed during plsy. The 
speech sample taken will then be analyzed six wsys to determine whether or not a more complete 
analysis of conversational spee:h will give a truer picture of the child's articulation and 
phonological skills. Your child will be seen one time for approximately forty-five minutes. 
The results obtained from this study msy provide useful information for your child's 
speech- language clinician regarding the present treatment program in which your child is 
Involved. 
Your permission for your child to participate in this study will be 
greatly appreciated. Your child's results will remain confidential and will not be released to 
anyone unless requested by you. Children wi II be referred to by code number throughout the 
written report of this study's results in order to ensure that the children cannot be identified by 
linking the study's results to them. Your child can withdraw from this study at any time without 
any consequences. 
Checking the box below and placing your signiture on the line allows your child to 
participate in this study project. It also authorizes me to access your child's records from the 
Utah State University Spee:h-Language-Hearing Center in order to obtain educational and 
medical information pertinent to this project. If you have any concerns regarding this project, 
please contact me at the Utah State University Speech-Language-Hearing Center at 750-1354 
or at my home at 753-3688. 
Michelle G. Rasmussen, Graduate Student 
Dept. of Communicative Disorders 
Sonia Manuel-Dupont, Professor 
Dept. of Communicative Disorders 
Parent Signiture 
__ Yes, I agree to my child's participation in the study described above. 
Date 
Appendix D 
Permission to Videotape 
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Permission to Vi deotape 
UTAH STATE UNIVERSITY SPEECH-LANGUAGE-HEARING CENTER 
Statement of Consent 
for Videotaping or Still Photography 
I do hereby grant permission to the Department of Communicative 
Disorders, Utah State University, Logan, Utah, to videotape or to take still 
photographs of treatment sessions of to 
be used for teaching and demonstration purposes. 
Signature _______ _ 
Date----------
Appendix E 
Transcription Symbols Used 
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IPA Symbols 
Compensatory Articulation 
Symbols-Adapted from Trost 
( 1981) 
Diacritic Symbols Used-
Adapted from Shriberg 
end Kent ( 1982) 
Other Symbols 
Transcription Symbols Used 
p tr i er 
b v ~ w 1 a-r 
t e m e 811" 
d ~ n £ )l 
k s ~ !I-
g 2 J 
? s '6' 
) 
v 
0 
nf nasal fricative h 
pf 
vpf 
mds 
vmds 
voiceless palatal fricative =!' 
voiced palatal fricative 1 
voiceless mid-dorsum palatal stop t 
voiced mid- dorsum palatal stop J1 
X 
-.;- nasal emission 
nesalization 
v partially voiced 
o partially devoiced 
> shortened 
lengthened 
h aspirated 
, unreleased 
ljl syllabic consonant 
'" whistled 
w labialized 
leterelized 
sound distorted 
sound omitted 
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Appendix F 
Sample T>anscription Sheet 
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Sample Transcription Sheet 
1RANSCRIPiiON SKoET 
Utt. 
No. Lexical Intended Actual 
I 
122 
Apoendix G 
Sample Phonetic Inventory Initial. 
Medial and Final Positions 
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Samole Phonetic Inventory Sheet 
P•gt_of_p•gn 
PRODUCTION OF SOUNDS-INITIAL, MEDIAL. FINAL 
Initial Me<11<1l FlnJ\ 
p 
m 
h 
n 
v 
b 
,, 
g 
d 
~ 
~ 
f 
J 
' 
1 
' 
' 
5 
' 
"' 
' 
e 
~ 
) 
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Appendix H 
Sample Homonym Analysis 
Sample Homonym Analysis 
Chi ld•~·~s ~<•~•~'~' ~~~~~~~~ Adult w \ ll'l Chi !l: Date ; 
Sr tt 1ng ; 
Ana l ytcd by: 
Ult. 
Mo . Ho111onym~ 
HOHONYtl ANALYSIS 
Le.xl.cal Word De v lan t / Nondev ian t 
125 
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Appendix I 
Sample Substitution Analysis 
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Sample Substl t ution Analysis 
Chlld:~·,~,,~•~'~' ~~~~~~~~ AOul t ..-; th Cht d: Date: 
Setttn9: 
An•lyzed by: 
ANALYSIS OF SUBSTITUT ION, DISTORTION, OMISSION 
Utt. 
SuD:;,tilut ion:; DIStOrtJOn'J OmiSSions 
128 
Appendix J 
Sample Phonological Processes Analysis 
129 
Samole Phonological Processes Anal ys is 
1
'2'111 I l I' ! I' ,. ! I I ·.1 I 'II I I I l ' I I 1111 
g I ! I I I I I I ! I I I ! I i ,, i i . ! I 
1 ~ 11! Ill! I II! 111111! i I! H H II II I ~ ~ I !II i i j1 I' I II' i Ill i I j-+!-+I -+--+--+--1, 0 HI, 1. 0 1ji 11· II I I ' ' I I I I I I ' ' I I I I I I 
1
>- J 11· i ·~· i 1! 11 ! J i J i I 1! ! I !I l i I ,1!0 ,1'1
1 !10 111 I J11 11 I ·"'! • ! I ; i \ ! 1 J I · J ! 1 J J ! l I : ~ J ! l i ; r i ! ; ; 1 I i r I l ! I I J r l 
ollllll i !Ill i IIIII I IiI H H II II 
l>i ! I ! ! i I ! ! i ! I 'I' II I :1 l i i ! II I I I I 
1
1 
1j I 
1 1 1 ; • 1 1 1 1 1 • 1 1 • ' • I Jo o j , 
Cf) 0.. 1 j ! ! ! ! ! ! I l ! ! i ! i ! i ! ! I l I I l ! I ! 
!!11111111111 i i Ill! II II H HI' II 
::;~~ ~! 111 I i i ! i I J i II I ! ~ ! I I I' I 110 !
1 
1°1
1 
I ~ I ! i i : I l I ! I ! I I I I I 
~ ~ ~ I II ! j II I j I ! I ! ! I 11 I ! I 11°llol1 I I 5 I! ' I I I I I ! ! I I I I l ! ! I 
I· ~ ~ ~~ i I i i ~~~ II I i 'li I \ jl ' ,,. li ojl /eli 11' 11 I I II ! ! I I I ! I ~1111111111 IIIII II H H II 
51111111 II IIIII II H H II I 
1~11- 1 ! II ! 11111 111 1 i II H H II 
I I ! I' i I I i i I I i i i I I ,1 .. /13.\ 1 
111111 I 111111111~ I 1~1ll l 1 
Appendix K 
Description of Phonological 
Processes Used 
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Tabl e K- 1 
Descri pt ion of Phonologica l Processes Useda 
Abbreviation Process D=ription 
STR Stridency Deletion When the strident consonant ;acks stridency 
usually as the result of another pr ocess 
occurri ng (e.g. ,I z -> dl is a rombination of 
stridency deletion and stopping). 
CR Cluster Reduct ion Simplifyi ng a cluster of consonants by 
(or cluster simplification) deleting members of the cluster . or by 
inserting a vowel between consonants 
(e.g., / blu / -+ / bu/ or / b">lu/). 
DFC Deletion of Final Consonant Deletion of the final consonant of a word 
(e.g., /bel/ -> /be/). 
FCD Final Consonant Devoicing Voiced consonants become their voiceless 
counterparts in the final position of words 
( e.g., /h:~»/ + /h>'-f/) . 
FR Fronting Placement of any velar consonant changes to 
an alveolar consonant (e.g., /k/ + It!). 
BK Back ing Placement of any consonant changes to an 
velar consonant or other pharyngeal sound 
(e g. , /tl + /k/) 
LS Liquid Simplification Includes both gliding of liquids (i.e. /I/ or 
lrl replaced by lwl or /j/) and 
vocalization (e.g., /1/ or lrl replaced by a 
vowel). 
GR Glottal Replacement A glottal stop is used to replace a consonant 
(e.g , / papi / -> / p<> 7 i/ ) 
6Adapted from Khan and Lewis ( 1986) and Khan ( 1982 ). 
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Table K-1 (conU 
Abbreviation 
PV 
CH 
ST 
DIC 
WSD 
ID IO 
Process 
Prevocalic Voicing 
(or initial voicing) 
Ccnscnant Harmony 
Stopping 
Descript ion 
Voiced ccnsonants are used to begin words 
thet should be voiceless consonants (e.g., 
/varn/ for /fern/) 
Production of ccnscnants are affected by 
place of articulation of other ccnsonants 
( e.g., /k<>p/ -> / pap/). 
Usually applied to fricatives and affricates , 
the sound is stopped ( e.g., !simi -. / tan/). 
Deletion of Initial Consonant The initial ccnsonant of a word is deleted 
(e.g., /6(m/ -. l[m!) 
Weak Syllable Deletion 
Idiosyncratic 
Deletion of the unstressed syllable in 
multisyllabic words ( e g., !b>n"niil-> 
In~:>!) 
Any other substitution that is out of the 
ordinary or will not fit into any of the other 
processes (e.g., glottal inser tions) 
Appendix L 
Sample Summary Sheet 
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Sample Summary Sheet 
Crlllcf:..Name· Dale _ 
~tung. An~ tyzea Bv _ 
"none! 1c Jnve!lr s" v Ma lys 1s - ~ nil ial Me0\-:~ 1 r 1n~l 
Anll lVSlS of Homonvms 
• of hOmonyms Examples _ 
• of lex1cal wOrds _ 
•rev1ant_ 
:ldeV>ant _ 
SypstltytJon Anglvs1s 
SubstltutJOns Ol~tort10n5 Or.:1ss1ons 
~I I I I 
Pnonolcmcal Processes Analvs1s 
STR CR DFC FCD FR BK LS GR PY C" 51 
~:;;II II 1111111 I 
DIC WSD 1010 
~:;111 I 
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Appendix M 
lnterrater Reliability Percentages 
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Tabl e M- I 
lnterrater Reliability Percentages 
Subject I Subject 2 Subject 3 
Rater I 90:1: 91% 90% 
Rater 2 90% 90% 89% 
Rater 3 85% 93:1: 92% 
Appendix N 
Raw Data-Subject I 
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TableN-1 
Transcription of Sample-Subject 1 
'J.'RA.NSCRIPTION SHk:6T 
Utt. 
No. Lexical Intended Actual 
1. Not. r'lo.lt no..? 
I 'le.t k't 't1 
J... We. ..... wi 
' Dv..+ ,hrrt J'v? 
o.n y,., X.n 
eA.O. ,..0 t~" 
3 . \J;:. i:t. ·,l(. 
4 . :r: QJ: AI: 
usi.(A.]1'-~ ;u~:~1 · ·u.·· 
don•~"' ~.~7-r don? 
5 . T a.z <>.I 
'N..k. hc.1+ he? 
bv..ns ~.,n:z. ~nfi) 
with. W>9 WI: 
0... • .. I~ ho.?t~aa ho-?o."'' 
"'· 
U-hu.h 
-.h., ;ah~ 
/. Oh Ot o: 
we. wi wi 
. forqol- + r-«,o..1t, fvo,..:? 
-b +""u.. ~ 
<>.d- at:?+ o,t1 
"- "' 
.,) 
lrinn\-. drink. '31')"' 
g I Wht_-t W0>7 t 'f.l;o7t 
\ 39 
Tab le N- 1 (conU 
'.L'R AN SCRIPTION SHE ET 
Ut t. 
Ho. Lexical Intended '-'tua.l 
do d ..... ?v-
VOIL- i "'-
tJ<l.n'i ..;;a,fl't wO:"? 
'l. I'm Oim o:lm 
'\o"'"' aotn '10 
to 
*""" 
7~ 
~ h~v h~~ 
dit.t d('.[l..;>'t g=< 
CoiL Vd'f.. ~o?i(. 
JO. Yll>- ·\'~ .. j~ 
1\. y/).A.. ; .... 
do do. du.. 
~ "8Jilt ~lit.? 
1~ . VJvl"l.. ""ill' ,.; 
'\oina o.o:rc. 'IO 
..J,o +1-L\. 7a 
~ k'1.'1 'n~'i 
So>M> ..,,~0 tr>Jv 
a~ 
-#t."" lt.+ 
1;3. \.l-h""""'" :;.hi'm ;I~-~·,.., 
'~· WN.n ...,;;t~ ,_J',., 
yoo.W.. i .... iv.. 
'¥"~ ""1" qoi> 
'\? 
"" 
'\0 
\40 
Table N- 1 (conU 
TR ANS CRIPTION SH EET 
Utt. 
Ho. Lexica l Int. ended Aotual 
Iii..... \o:r?\'- wtu7 
T QJ: o.r 
a.m ~"' ~ 
15. Am i:...., X:m 
r ~ a:r 
I ac.·NJ o.o'?:o. qo 
~ 0 """'.;~-\)... Ia 
I use - ~ 2. ·w...'*l 
I~ --~ q/L? 
mien~ -2<1. _r, ~~.otll"',' 
\I... I ~ k"J}:n ~\Ln 
I o.r = 
to..ll:.. +1-,;;, tQ!K 
il"' 'l:n ~ 
it :r7t -r7 
n. '{eo.- ilL Ut. 
~~- 1i'i'lld- I""OJ:7f ........ 7 
1'"\0v.l ~li'(r ncCV-
Jet. ~ '1-'a: 't""c::r 
,;o. 1-\ou..> 
""();lr 1--c..v-
do d .... dv-
'10<J.. iu... iv.. qa:. Q(.?t '1!. 
;t ;7+ -,;:7 
~ ll..c 0... 
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Table N- 1 (cont.) 
'.CRANSCRIPTION SHEET 
Ut t. 
No. Le xi.cal Intended Actual 
.:li uJ.. - v.J., ;;,7~ ~7.;, 
~ \JhA:h w;;.' t < y.J > 1 
__':/0\u'" ink' io 
Y\aK\'\ e..- n~m nem 
.;l3 C)-,c,bit, +~e.l ~i K'tw~i 
~ :r a .. r. 
"'" 
li""-- ~~·~ wo:L7 
~ boa '<j>o+ 
'* .;,'{ ~ ~ ~f:', 0"" 
~ '<~ :. < _-\~ 7 
~ '/CJ>... ;, iac.. 
;n Wl-.ifr. -...n7!,. w-r:? 
~e.. Y-.11'~ w,;., 
do dl.l cl.'-'. 
-"'OU. _il.l... 
wa.r«, 
..:o:ri+ _,.,-.:~? 
~ I a:r a.r. 
jikt.- \c.t"7\l, ·-. . .uu.7'( 
\.o-lh ~>oe b•f 
o+ ~>I ~~ 
+km -r~ ~"' 
~- T ~ IU 
~ \c."1-7\:. wo.:r?l( 
l'tl\.,·,\:.t_ wu'*. wo.r7\li, 
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Tab le N- 1 (cont.) 
'LRA.NSCRI PT!ON SHEET 
Utt. 
No . Lexica l Intended 
'-'tua.l 
an:! ~rJ )(:n 
_y_e.Jiow 
.kl_o j c.wo 
3o. '{(.D... '..:1, -~~ 
31. lh;s 
_';r:t:s n:x~ 
if> ~ -:r{vpf) 
SoRer- so.~t ..... no..f?..._ 
3;J.. . ~(.. mT rnl 
+oo £v-.. K""'-
33. ~ 
..h.u \-,(..1: I."' ~ ~ ""'"" Qo;t\ll qofu '30 
-\o .1~ • 1.a 
J.!.Sf. ·= i~ 
v 
a. __a :l 
lola.i ole.?t _p_e.1 
3~ - Awi_ .Xrul ~"' 
_E_u.:\-
..llb..il±_ pl-.v"l 
i1:: "!:7./: r7 
on O:n o::r'\ 
~ ~~ 
"'" i>\Uz.. ~I e.? -I: pe.? 
35". with wre ..,..? 
~ '5x.1t: __S~? 
~- Well ~ V'IE. 
I 
_ar = 
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Tab1e N- 1 (conU 
TRANSCRIPTION SHEET 
Ut t. 
No. Lexic:al Intended Actual 
#!'1t.. 
...eil'\k. e-~~. 
I'vn O?<m a:;:,.. 
QO~t\<1 _O.o'l:~ ~0 
1o _I"' \A. ?d 
~ ~?~ fne 7K 
0.... 2 :; 
dtu.t.. kV cb? 
Wi~ ~ WI: 
+his ~ '1"\'il 
'37. M 
....&nd _ir-. 
-l+u1 ~~n !')~!') 
I'm ~ /'V o:J:m 
~ ~ ~a 
+o :±:L.L ~~ 
~ mt..?k \"(\<:7 
l+ris !lJ:S ";~) 
a.Nl 
_knd 
_j.n 
-tni<> ~ ni4of) 
o..nd 
..i.rrl i:rv 
-\his ~ '(\i(ff) 
a...-d 
...iod. i" 
~ ~"" si"'t'l"\ 
'to.lu\-1\N..£ Jyl· ;i, "~W>n\<nnk,> 
ht.cu--t ~ 'l-,o..1 
144 
Tab le N-1 (conU 
'£RANSCR IPTION SHEET 
Ut t. 
No. Lexica l Int ended Actual 
;>.g I u.u. ·,f{.,f) 
-= 
~9 u.u, 
''"' 
if. 
'"0 I.'m ca"' ="' 
c:..a.·...., ao"fu. 1\o 
+,.. if'-' 7.-
s :na ,._:;:1\0 <;ni~~ 
+, J + .. •J ~- ..... 
\'till ""'"t v...:J 
~ 0\lt!l'\ mo..m 
ll,,l ;,~J ~ )lt.r\ 
,.j., A ov-. 
" "' 
.. 
I rlan diLn~ "''"' )~n 
lit.. \ "'7'(_ .,...,? 
~·s <n:S ni(pO 
LjJ I o.:r. o..r 
iflw \.;,~ w•1 
,.,... 
..... 
,..._ A...J. i.:vv1. );i"'-
1-Hv.n 'Hn "~z"" 
T o•I: ""' 
0,., 
" 
qo 
'·H u:',,, h~r 
""=-:r t)."L = 
I OK.- \;.-.. ..... " 
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Table N- 1 (conU 
!RANSCRI P'HON SHEET 
Utt . 
Ho. Lexical Intended Ar:.tual 
IMI.L v.. 
6...k kob~ b;o'\,j 
L!L1. I,u 'in 'in 
I ~n<;>ir..o. ~'t<\<U<\ ~~i 
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Table N-2 
Phonetic Analysis-Subject I 
PRODUCTION OF SOUNDS- INIT IAL. MED IAL, FI NAL 
ln ltl al Medl31 F1nJl 
p ] . f"'v7 ll· ~l\..y 
m 15 . m.£1 K~~"" '\ . o..XI"t""' 
h 5. he.7 .. ~ h~ 
n I· nil:? y, da-.,? :=t. itn 
v ~. wi 23. k't.w(pf5i 
b 0· b;.,(p\) 43· bt. bi 
1: '). !<,'\..... 15· mO::~~(:~ 
.:1- d' 
g l· ~c.? s . ho.7~o.!l s. h0.~9_0.~ 
d 'I· d3'n7 
' 
~~. *.o..1K 
D ; , 'li'11:. 
f 1. f-vsa.? 15. ,.,OJ! ~af"" J;(,)/.J 
j I· j(? 4· ju.\i 
' 
I 
' 
' j 
' 
~ 
v l3o. ~sn'<.uy-,(,pr;)' ~· \w.v 
e 3(.. El'Il)~ 
~ 
) 
• f • pl,or~;~· .... , ,~. w;,.l ~4-;,.li>t. 
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Tab leN-3 
Homonym Ana lys i s-Subject 1 
HOHONYN ANALY SIS 
I ~~, I Homonyms Lexl.cal Word Dev lan t / Nondev 1an t 
-
\. it:.? ie.?t vPl dcvo~t 
;;<c. I \ r 7 i f.~ Vt5 
I 
:l9. wa:r.7 K li a:r.7 K \;k~ ,4, l "~ 
;;<1. ""'?~ W o1.7+ whit 
:l. 
'"" 
;l.,-, ClV'\ dbl't , ,t, 
;1~. I y VI I il .,,{ O.Y\tl 
~ . Jill df · ,.,t: 
/4 . . 't- \JLC( \JIW) 
.v 
9. "" 0/{i"(\ C.Oina rl~-.Jio.Y\\. 
14 
-" ~I\ "D./\-' 
"" ,) 
" 
1'1'. 'A cU. 7 I ('ai.7 t ri<~~t I d-" ia..nt 
;;Lj , """~? !( o.cr7K l,k 
.:n. v-n:? vJr?+ whi1h d<"-V '"t 
35". WI/ . w-rA '\li th 
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Tab Je N-4 
Substitut i on Analys i s-Subject 
ANALYSIS OF SUBST ITUTION, DIS TORT ION. OMiSS ION 
Utt. 
No SuosututJons Cnstort 10ns OmiSSIOns 
I . t .. ¢ (F) 
t _, ¢ If"> 
2 t»dlF'> 
'I .. "'" (f') 
l.j . a:r. .a, a.~: 
I ~ .. ¢11') .. 1 ~ <$~ 
I+ .. a~ (f) 
s. t ... ¢(F) 
2 ... (p(:) fi 
e .. ¢ (F) 
d ... 'I <H) f ... ¢ j.l) 
7 . 'If' ... 'lr it'\) t,. ¢ (f) 
1:..,K lt) 
7 ">¢ (f') 
d.. .. 'I(,) r ... ¢ G:<l 
g d .. 7 (l) 
t .. !JtF) 
q. :i'!j•l$ (f) 
It ... 7 ~) 
I d "'" w : t .... 4S II='! 
II· l o--~s~ (J"l 1-t .. ¢ a:J 
ll. 'G' ,.t, (£) 
I~,¢ (f) 
IJ..., 7 i:t) 
s .,(o+) (l:) 
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Table N-4 (conU 
ANAL YSIS Of SUBST ITUTION, DISTORTION. ()'"SS ION 
:.J t t. 
I I ,., o. SubStitUtions [J1Stort10ns ~ r'f'l i SS I OnS 
12. I t ~-'> ¢ If) 
I~· 1!' .. \J... (f) 
, .. " lM) 1'\ ... ¢ ~) 
/ -"W (I ) K "¢ (f1 
IS. i'f) .. !j (F) 
t .. ? m 
I -z. A Cv p~) (t'> 
~.., q tP t., ¢ (F ) 
--
r ... ¢ it'>) 
lb. 1:. .. ¢ (£) 
1/. )(_ .. )b f) 
li· r .. w ttl t .... ¢ (f) 
::~o. ?t.., ~ (f1 
t ... ¢ lf') 
+ ... ¢ .. ) 
:u. ts-> ¢ (>1 
If' ... a, (F) 
.:l3. I/.; .. Kt.1 , .., "'"" s-,&()'<fl 
I 
;:1.4. J ..,w (J;\ K ... ¢ (F l 
&-"t (J') 
v .. ¢ (f l 
"J .. "w 
:;,s. s ... ? (F) 
;;n. I& -qS (F) 
Lt .... II (fl 
ISO 
Tab le N-4 (conU 
ANALYSIS Of SUBSTITUTION, DISTORTION, OMISSION 
Ut t. 
Mo Suo~t 1 tut 1ons [JJs tor t Jons OmiSSion::. 
.H, I .., w (Jl 
e .-f (F\ 
[ ..... tr> .... ¢ ~) 
;>.9 . 1 ...... (I) 
t.:, " (r) 
d" ¢ (F\ 
l .. w 0.> 
3 1. [1!_, n il\ :; ... (p ~) F1 
17 .. (vp•) i'l 
S..,nw \; .. ?~l ,..~...!fl 
.3~. It" KIt) 
33. 'i"') .. , (F) 
/:-> 7 (J:) 
'Z..., ( v,l') fs'l 
1 .. ¢~1 t .. t;6 (F) 
;14. d 4 ¢ lF\ 
t .. t;6 lF\ 
c_ .. rf, (F) 
j1 .. " \il 
I 1-> ¢ t ... ¢ 
35'. e .. ? (f) 
3' ... '\ lrl If" d! (F) 
3(. . / .. $ (f'\ 
e .. ;;i' 
,~ .. ""' 
15 1 
Table N-4 (conU 
AN ALYSIS OF SUBSTITUTION, DISTORTION, OMISSION 
IU tt. ! 
·" I Suostnuuons :.H ::.tort tons Omtss ton~ 
3b · i ... 7 (J) 
I K_., ¢ (< \ 
a,q, (F) 
:r .:> (\ <s> S-" ¢ lF\ 
I 37. I d .. d (F\ 
a- ... (\ (31 
I<J"'¢ <F\ 
1-t. .. ? (J;) 
K-> ,P (F\ 
-;, ... ~ ~ ... (p+)(F 
d '>(>(F) 
0 ., .,Ln S"' {J*)IP\ 
d..:, d (f"l 
14 V'IU:\ S ,(pf)IF> 
d .... " (F) 
,..,_,."'' t"K.,v 2-" (;,~)' 
I!' .... ¢ q.,J + "rJ (F) 
3V . s ... (pr}(F) 
3~ . s..., ,p (F) 
46. II)..,¢ (F) 
It"' ?a:' 
s ... (J*l~ 
t"'K tt> 
d .. "'(/') 
d .. 9(%1 
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Table N-4 (cont.) 
ANAL YSIS Of SUBSTITUTION, DISTORTION. CM ISSION 
u: ~ . 
,'!c. Sub3tltuttons ·D1storuons OmiSSIOns 
40. cl ~ ( rnds) (rl s, " (F) 
I _, w c.r> K _, ¢ (F) 
~-'>n <>'> s .>o (r/0/.Fl 
4 /. i 1-> wcr' v ... 7 "' 
Lj;J.. d ... <$(£) 
1';;-_.,crl 
'13. ! 1-.w (;l 
44. s ..,(ptf' r.:~~ ·,lr"') I"'..., ¢(F) 
I 
Subject One- lntenOOd Pr!Xluction 
TRAIISCR .. TIOII PHONOLOGICAL PROCESSES 
--- ··--·-·--- sr-R" .. -·cR - -iiFc- "reo . F"o ··- --iii< ·-cs- r·-iii 
~~i'S:~~~: ~I: :-: c~ ~\: ~ F 1 E : ~ 
2 . ,.,j 0 0 0 0 0 0 0 
py 
0 
:=~ii~T::~f. 
o I o 
-ci --+ ~ 
OIC 
I 
.. so 
0 
0 
0 
-·-·;;l;;t ·-··· . - -0 ·- i··- ..... j .. ··a-· . a··-· -· j·-- ·- 0 I I 0 0 I I 0 
~i~~ J~ ~t~~ 4~1~1= :t~~l=T TT ~n1~ 
:5. <1% 0 0 0 0 0 0 0 0 0 0 0 0 0 
- -·-h;,·t···-·-·····- ··-·-a··--· ··-···-,----· -·-··;··- · · ·····a·· .. - ····--a .. ·-- ··---.,---· ···-·a·-···· ···-···i ·-·· .. ······a···-· ··---,i ·--· ...... o- ··· -·-· i .. · ····· a 
~-==:~~-~~:~=:~::: ~~::~c: .. :: ::~~-x::~:~ :~::~:r.::~: ··- :x::=:: ::~::~ :=:: ::~~c~~: -·:£:~~:. ::::::: :!:~·:.: ::::~~g: ·-:~. ::~~:9._ ··:.: :::~::c:::: ~::: _c ·-· -· : :~ 
1010 
~~~f~~-~~ -~~~~=~ J; =ttJ =t~ J:il ..  -
:::...-::i<!}:= _ ==o.:~: -=~T~:: ::~::- =~!i = :_ 5" ~ __ _}_::_: ___ o __ ~ i_: =-~ : -~!-=- _ c,- ::! -- r-_ 0~ _ 
• 0 0 0 0 0 0 0 0 0 0 0 0 0 
~f~~t=~r ±.~.IT IJ~tiH~~; !l- ·• 
-o 
:::J" 
0 
::J 
0 
0 
0 
n 
~ 
-o 
--, 
0 
n 
"' (J) (J) 
"' (fJ 
)> 
::J 
~ 
"' n 
... 
--1 
"' cr ;;; 
z 
I 
Ul 
Ul 
GJ 
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Table N-5 (cont) 
l. ~ t - · - · _ [ _ J _ j _ j _ j _ ! _ [ _ ; _ j _ j _ j _ [ o J _ [ _ j _ j _ ;_; _ i o o o o .. ~ ~ 
'-i_..--'--i--'-·'-: - ·- ;--· - '-'-: -:---'---: -:-·'·--'---'--;--,--'--<-·'-'-'-H-+-;.! --l ~ ~ ~ o]o ! - [ o j o l o [ o j o J - / o j o l o l - / - [ - / o ] o l o ] o !ol o l o o o o o o o!-1 ] ~ 
; 
TRAaCRii'TIOtl PHOIIOLOOICAI. PROCESS£8 
-1 
"' cr 
CD 
z 
I 
Ul 
n 
0 
~ 
U1 
U1 
TRoUISCRPTIOOI PHOIIOt.OOICAl PROCUS£8 
~;~I ~r ;f. :I ;rLJJ1•.T·1~I~.I ~~3.} ·!.~!~, ·· bo& 0 0 1 0 0 I 0 I 0 I I I I 0 ---;; ······M··M···· M···-·1-···· ·-c1 --- ·-.. -~. ···· ----i- ..... ·· .. ··a··-·· - .. 1·--· ----o·--·· ··-··i··--· ---··o ···· · -···· ·-·- ···-··i -·-· ·o ··· · ····-· Ci·-··· ... 
~~~~;.:~ f- -:1~ :~-r : -1: ~1 : ~T: :~1-~-- :~F ~- ~-~ : ~F~ -~t f -r: -i 
~~;~~~ ::t:_~ :~!-~ ::f _-l ~I: ~ f~1~I~- _::r: __ :r· ~LJ ~[): : ~- [1:J ::=-.~ 
51 . !J<s I 0 I 0 0 I 0 ' I 0 f 1 I I 0 I 
0 
~T;t;b--r~·-r;o---r·-;;·r, --r--n--i, - r- 4--1"-261--~- · --·-·----- -· 21 
-l 
(l) 
cr 
ro 
z 
I 
U1 
n 
0 
~ 
U1 
(]' 
Table N- 5 (cont.) 
1::0 o o'o o ~o lo o o oi_iJ!o1) oio!oiojof - ~ ouo joUoillt 
)1: • • ~ t ' ' I : : ' ' ' • ~ I ! I ' ' ! ! : 
j 1 I I 0 I 1 I I I j ' I I 1 I I j j I 1 i-t-
~::: :;:: i: i:: ,:!::fAll!:: I :i:p:!: j: j: r: i: :NT. 
i5lo!o oto! olo!oJol- loiojoi- jo' - lolo!o!olojoiol- lo!oioJo[oJoi i• 
! : ! i i : j j j j i i i i i j i : j i j : i j i ! ! : i i 
~~~~: ~~ ~ ~~~~ ~~~~~~~: i ~ i :i o !: l~~~:i~i ~ i:i~!:io i:i~i~i~i~~~~ : ~ :: 
~ ~ ~ l o i o o!olo!oioioJoloi- loio o!olo!oioloiol- lololololo!ololo! iN 
~ ~ ~ o ~ o o[oiololoioJoJo!- jojo ojoJo!ol- loio/- lo!o/ol- lol - ioJ-1 ~ ~ 
~ ~ ~ - ~ - ol- t-1- i- lol-!- i- ioj- o ! - j - ~ - ~ - ~ - ~ - ~ - ~ o ~ - ~ - ~ - ~ - ~ - ~ - ~ - ~ ~ ~ 
5\-[o ol- iol- ioiol- !ol-!oi- ol-!olol- ioiol- ioi- lo!- lol- ioi-1 ~ ~ 
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TR AllsatPT 1011 PHIKli.OO IC At IRJCISS£8 
~~I~='· J ll ~J~~ • ~~~ ~l-l ~t1 r UJ 1 'f 1! 1'1 ~-• 
~~ 1 o 1 o o 1 o 1 o o I 1 1 o 
iJ~~ ~~~4= ·~ ;!~TJ ~t )~ET~J~ ~t~THJ0 
nilm 0 0 10 01010 0 010 ~:::: ~:~ = --r=: ::~ : £": :~~~~: :~: ~: :~:~= :=t=: r: ::~:- =r: :r·· :::= 
--~--- ········ ··a- --o- ··a· o- -o- - · a-- ·· a- ·-a-· a·- a· ·a-·· --o --~-
-6;;~-- ···· -,- --, - --,- ··a-· ·a· - ~--- - o- --~-- - o - · a - ~ - ·· -~ - ··· ·i· -·------
---in,k- - ·-a·- - i - · --i-- ··a·· ··a·· ·a· · --i- -- i - - - ·a- - i ·· ··c,·· ·- i - ·· ·c 
~:=h!~ ~~:: :T =:q_:: =~c= ~~ ~:: : : ~: ~ ~=~=:: ::::§:= :T: : P.: :§:: :L:: =T 
41. ar o o o o o o o o o o o o 
~-~~t~::~~- ~~[~- ~~~-~: ·=~t~ :~~~ ~·i~ ~I: ::!~ ·~~~: .:1:: -~ l::~r~l~: : ~~~llT~-~;-~ 
...i~=~~ :1= =::~ -: ~~=t =::~ : =J::~: =l: :_:_!: ::t J:-~ .J ::·t :=t~: :t: E~:-: 
E-1~ ==~~: =:t~: ==t ~J= j : =:t: =:t~ ~t :~:-= :·t= ::t: :~t~ :r== :=i 
Tehils ---,- r- 7- 17 7 2 18 2!1 • , -·2--r-,a-r ··:n··-r ·-1-
-j 
Q.l 
0" 
"' z 
I 
U1 
0 
0 
~ 
U1 
(XJ 
Table N-5 (conU 
Q 
Q ! . ~ ! 
; . ' ; ~- o i - ~ ~N ~ j~j I f 
H--+-+-i--+-i--+--i-'H--T--+-f-f-i--'-+-H--+-+-i-''c--f·-+-+-H--f-··h--~- ol-: t: ! ~: i )_J_+-+-+-H-+-1 : : ~L+-Hc--f--+ i'-+-+i+l-1 
ti; oioj-i ;- l i: ! ; 
>---'--".-+, -;-,-;-, -+-i -+---;--;:-----+--+--+--+--+-+- -~-;--~;-..,--;--;-__.__~--! 
0 ofo!-1 ~- J /~! i i 
' ' ' ' i ! i !Oj j l'f) j ! ; ; i 
l j ! 
; 
! 1 
: i 
! l l l 
i i 
. ! 
i 
i i i . 
~ i 
! ! 
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Table N-5 (cont.) 
! ' ! ! 
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